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PEGULIAR PHENOMENA IN THE PROPAGA- 
TION 0F EARTHQUAKES. 



By Professor Hans Hoekkr, Leoben, Austria. 

(WITH DIAGRAMS.) 
[Read Oetober uth, 1888.] 

It has loiig been a recognized fact and one whieh Jias been 
repeatedly demonstrated, that many of the severer earthquakes, 
whilst exhibiting in flat distriets an area of no mean extent, 
have soon found a limit to their spreading in the adjacent 
mountains, notwithstanding that the waves have struek the foot 
of the mountains with eonsiderable force and have, here and 
there, even eaused the greatest destruetion to the base itself or 
to plaees in the vicinity. In casesof thisnature the mountains 
have often been likened to a wall whieh the shoeks were 
powerless to pieree. 

In Europe the Alps are regarded as a rampart of this nature 
against many. an earlhquake of Upper Ilaly, and in South 
Ameriea the Andes wiih their parallel ehains are looked upon 
as forming, in a mor^ espeeial degree, a wall against the fre- 
quent and oft-times intense shoeks of the plains of the western 
eoast. 

The reason for this peeuliar phenomenon has been sought 
in mighty zones of rejection whieh the waves are unable to 
pass, or in whieh the shoeks lose a eonsiderable portion of 
their intensity ; a seeond explanation is based on the supposi- 
tion that the seismie energy is insufficient to produee vibrations 
in sneh huge mountain masses ; and other similar eauses have 
been addueed. Reasons of this kind are either direetly refuted 
by the fact that earthquakes pass in undiminished intensity 



4 HOEFER :— PEGULIAR PHENOMENA IN THE 

intensity will diminish outwards over the plain as well as in 
the mountains. In the event of D E i^being the final isoseist, 
nearly vertical shoeks would be felt on the confines of the area 
of disturbanee on the mountain side at Jy whereas at the foot 
of the mountain, and where the intensity would be mueh greater, 
lateral vibrations would oeeur. 

This ease shows a quite peeuliar eeeenlrieal position of ihe 
epieentrum L with reference to the isoseisis, whieh would have 
their eentre at B^ whereas one is aeeustomed to seek the epi- 
eentrum eentrieally in the midst of the lines of equal intensity. 

It is seareely neeessary to point out that if the epieentrum L 
be aseertained aeeording to one of the well-known methods, 
the depth / of the focus ean be found with the help of the iinal 
curve DEF\n manner similar to ihat adopted in the preeeding 
eases. liLO=:/f and if LM=k be the relative height of 
L above AB, and the dif!erence in height of J and L = A^, the 
previous formula will beeome 

A fact whieh has been repeatedly demonstrated in moun- 
tainous distriets is that an earthquake has been felt in two or 
more neighbouring parallel valleys, but not on the heights ; or 
that the strength of a shoek has been ineomparably greater in 
the valleys than at plaees situated at a height. 

The opposite distribution of intensity is also known. 

The explanation of all these phenomena, apparently so 
replete with eontradietions, is in the same way based on the 
positions of the curves of intensity with respeet to the terrestrial 
formation. 

If O (Fig. 4) be the seismie focus and A B C 2. curve of 
intensity, the lower portion of the ground, the portion, that is 
to say, nearest to (9, will vibrate more than that situated above 
it, — the earthquake will be felt in the valleys D and F more 
than on ihe ridge E. li A B C he the final isoseist to whieh 
the shoek attains, the plaees lying higher will not feel a shoek 
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that is very pereeptible in the valleys. The lerm *' earthquake- 
bridge " has been applied to mountain ranges of this kind. 

In Fig. 5, O lies comparatively near the earth's surface. I. 
is a curve of greater intensity than that denoted by II., and 
greater still than that marked III. The summit E will, there- 
fore, be affected to a greater extent than the slopes A and B; 
in the valleys D and F, on the other hand, the earthquake 
may possibly be seareely pereeptible. 

Whilst in Fig. 4, the focus ^ is at a greater depth than the 
eentre of a eirele passing through the valleys D and /'and the 
summit Ey in Fig. 5 the eontrary is the ease. 

A simple geometrieal eonstruetion gives, with the help of 
the three points D, Ey and Fy the radius of the eirele eorre- 
sponding to the profiIe of the mountain, whieh permits, there- 
fore, of an estimate being made of the depth of the seismie 
focus, presuming that the latter lies in the profile plane. With 
the help of four points of equal earthquake intensity, the 
geometrieal position of the focus ean be exactly determined, 
even where the focus does not fall within the vertical plane of 
the profiIe drawn. The problem to be solved runs thus : 

'' Through four points lay a spherieal shell and determine 
the position of its eentre (seismie focus)." 

If several spheres of intensity are successfully determined 
with the help of in eaeh ease at least four points, they would 
neeessarily possess, in the ease of a eentral shoek, a eommon 
eentre. On the other hand, the geometrieal positions of the 
eentres of the spheres would lie in the ease of linear quakes at 
a substantial distanee from eaeh other, and all the more so if 
the four points are situated at one end and the four others at 
the opposite end of the ex^tended area of disturbanee. 

The sourees of error unavoidable in the observation of an 
earthquakc ean only be eliminated by eombining the greatest 
possible number of most trustwprthy statements; none but 
average values proeured in sueh fashion and eontrolling eaeh* 
other ean form a satisfactory basis for further eonelusions. 

Leoben, Mareh ist, 1888. 



Fig.l. 




EARTH TREMORS IN GENTRAL JAPAN. 



(SKCOND PAPER.) 

By J0HN MlLNE. 
[Read Deeember ^th, i88S.] 

On November i8lh, 1886, I read a paper before the Seismo- 
logieal Soelety on Earth Tremors in Gentral Japan (see Trans. 
Seis. Soe, VoI. XI., p. 1-78). In that paper I deseribed the 
various tremor indieators whieh I have used in Japan, eon- 
eluding with a deseription of an inslrument whieh gave auto- 
matieally a eontinuous reeord of tremors. The reeords given 
in this paper were obtained by the same instrument. They 
estend from Deeember 22nd, 1886, to February, 1888. At 
eertain times owing to my absenee from Tokio the instrument 
was not working. In the folIowing list ihese dates have been 
omitted. The tremors are reeorded as indieated on two bands 
of paper, one running N.N.E. and the other running N.N.W. 
The letter T means tremors of eonsiderable magnilude indi- 
eated as a line of perforations from 2 to 5 millimeters broad. 
ST ilieans small tremors forming a line from i to 2 milli- 
meters broad. VST means very small tremors. A. and P., 
whieh are usually prefixed by a numeral indieating hours, 
mean morning or A.M. and afternoon and night or P.M. In 
the eolumn headed " Wind," means that in Gentral Japan 
there was no wind or only a gentle breeze of force i in Gentral 
Japan, or wind not exceeding force 3 at not more than one plaee, 
and this plaee was not Tokio when the observalions were made ; 
w means that there was wind of not more Ihan intensity 2, at 
not more than two plaees in Gentral Japan. W means that 
there was wind of force 2 or of greater than 2 at a number of 
plaees. WT^ or WT^ means that there was a strong wind of 
force 3 or 4 blowing at Tokio only. 
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The data referring to wind were obtained from the tri-daily 
weather maps published by the Meteorologieal Department of 
this eountry, the observations being made at 6 a.m., 2 p.m., 
and 9 p.m. 

The wind intensities are as folIows : — 

= ealm = o — 1.5 meters per seeond. 

1 = ligbt = 1.5 — ^35 meters per seeond. 

2 " nioderate = 3.5 — 6 meters per seeond. 

3 r= strong = 6 — 10 meters per seeond. 

4 = gale = 10 — 15 meters per seeond. 

5 = heavy gale = 15 — 29 meteis per seeoiid. 

6 = hurrieane = 29 — 104 meters per seeond. 

By Gentral Japan is nieant the eountry within 200 to 300 
miles of Tokio in whieh area there are eleven observing stations 
telegraphieally eonneeted with the eapital. 

In the eolumn headed ** Remarks " reference is made to the 
height of the barometer expressed in millimeters at Tokio, and 
the position of the eentre of the barometrieal depression. 

The reason for giving prominenee to wind intensity rather 
than to any other meteorologieal phenomena will be under- 
stood by a perusal of the results of analyses given in my pre- 
vious pap&r. These results were as follows : — 

I. — Earth tremors are more frequent with a low barometer 
than with a high barometer, but even with a low barometer it 
may often happen that tremors are not observed. 

2. — Wilh a high gradient tremors are almost always observed, 
but when the gradient is smali it is seldom that tremors are 
visible. 

3. — The stronger ihe wind the more likely is it that tremors 
should be observed. 

4. — When there has been a strong wind and no tremors, 
sueh wind has very often been loeal or blowing inland frOTn 
the Pacific Oeean. We must not overlook the fact that sueh 
winds are sometimes aeeompanied by tremors. Winds of short 
duration are seldom aeeompanied by tremors. 

5.— When there has been little or no wind in Tokio, and yet 
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tremors have been observed, in most eases there has been a 
strong wind in other parts of Gentral Japan. In the ease of 
winds working up Japan from the S.W. this has been very 
marked, tremors being felt in Tokio several hours before the 
arrival of the wind. 

When neither wind nor tremors are to be observed in Tokio 
there is usually a general ealm in Gentral Japan. 

6. — From the observations in 1886, Trans. Seis. Soe. Vol. XI. 
p. 58, wesee that there were 10 days out of 45 when there were 
tremors whieh eould not be aeeounted for by winds blowing at 
a distanee, and on p. 61 that there were 3 days out of 20 when 
there were winds whieh ought to have been aeeompanied by 
tremors, while tremors were not observed. By eombining these 
observations we may say that about 80 per eent. of the tremors 
observed in Tokio may be aeeounted for as the result of distant 
or loeal winds. 

From the observations made in 1885 it seems that 50 per 
eent. of the tremors eertainly aeeompanied strong winds, while 
25 per eent. of the remaining tremors tnight have been due to 
wind. The remaining 25 per eent. of the tremors observed 
may have been of subterranean origin. These tremors were of 
short duration and/eeble. Out of 685 observations when it 
was ealm in Gentral Japan slight tremors were only observed 
34 times, that is in less than 5 per eent. of the number of 
times 0f observation. 

7. — The earthquakes whieh have been reeorded do not 
appear to be eonneeted with earth tremors more than that eaeh 
are more fraquent at the same seasons. 

8. — Earth tremors are as severe upon the summit of a lofty 
mountain as they are in the plains. 
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I 



Datb. 


N.N.E. 

eOUPONSNT. 


N.N.W. 

GOMPONKNT. 


WlND. 


RlMARKS. 


1886. 










Dec. 
22 


sr 


— 


w W 




23 


ST 


— 


w 




24 


ST 7 to 10 p. 





W w 


Low bar. North Yezo. 


26 


NT 


— 


000 




27 


NT 





000 




28 


NT 


— ~ 


w w 




29 


NT 




w 




30 
31 


ST 5 to noon 


___ 


Wo 


Low bar. in North Yeio. 


VST 


# 


Ww W 


Low bar. in North Yezo. 


1887. 










Jan. 

I 
2 


NT 





000 




VST 




w 


Low bar. in North Yezo. 










At a p.m. Tokio wind i but 




2 to Riidnight 






heavy wind of 4 and 5 eom- 


3 


at maximum 




W W 


ing up the countryfrom W., 
same at 9 p.m. Bar. low in 


4 p. strong 














North Ye/o. 


4 


ST 


-^ 


w W 


Bar. low in North Yer.o. 


5 


ST morning 


.^ 


w w 


Bar. low in North Yezo. 


6 


ST 


— 


w 


Bar. low near Tokio. 

At a p.m. Tokio wind i but 
heavy wind of 4 and 5 eom- 


7 


r 




W W 


iiig up eountry from W., 








8ame at 4 p.m. Bar. low in 










Ye20. 


8 


8a. to 3p. T 




W w 


eonditions nearly same aa 
on the 7th. 


9 


ST 


m^^ 


W w 


Bar. low in North Yczo. In 


^^ » 






Tokio bar. high, 770 mm. 


.10 


ST 




000 




II 


1 p. maximum 
at midnight 





w w 


In afternoon low bar, 758, 
over Toklo. 


12 


T 





W Wo 


Low bar. N . E. of Tokio. In 
Tokio 764 and 768. 


»3 


ST 


__ 


000 


Low bar. in Yeio. In Tokio 








769- , . 


14 


9 a. to 10 p. T 




w w 


Low bar. S. of Tokio, 765 to 
7S6- .„ , 


15 


ST 


_ 


WT4 W 1-4 WT3 


Low bar. N. Yezo. Wind 








strong to S.W. 


16 


NT 





w w Ta w 


Low bar. N. Yezo. Wind 
strong to S.W. 


17 


NT 





000 


• 


18 


NT 




w W w 


Bar. I0W to S.W. 


19 


NT 





w 




20 


NT 





000 




21 


NT 




w w w 




22 


NT 





w w 




23 


NT 





000 




24 


NT 


m~^ 


w w 




25 


ST 





w WT3 WT3 


Bar. low to S., Tokio 767-763. 


26 


NT 




w 


Bar. low to S. and S.W. 
Tokio 764-766. 


27 


NT 





000 


Bar. low to S. and N.W. 
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Datb. 


N.N.E. 

eOMPOMSItT. 


N.N.W. 

GoMPONtNT. 


WlND. 


Rbmarks. 


1887. 










Jan. 

28 


NT 





000 

• 




30 


ST 




W W WT4 


Bar. low to S. W. and eentre 
p^ssed up E. eoast to N. 


31 


ST 





WT3 w 


Bar.Iowto N.E. 


Peb. 










I 


ST 





WWo 


Wind cominff up from S.W. 
Bar. low to North. 


2 


ST 




000 




3 


ST 


.» 


w w 


Tokio bar. 965-754. 


4 


ST 





W W 


Tokio bar. 758-759. Wind 
from W. and N.W. 


5 


ST 


■ 


WT4W W 


Bar. low in N. Tokio bar. 
759-760. 


6 


NT 


^ 


wT3 Wo 


Bar. low in N. Tokio bar. 
761-764. 


7 


NT 


~— 


000 


lokio bar. 766-762. 


8 


NT 





WT30 


Bar. low in N. Tokio bar. 
758-760. 


9 


NT 





w 


1 


10 


NT 




WT30 




II 


STinmoriMng 





000 


Bar. low to N. Tokio bar. 
768-769. 


12 


NT 





00 




13 


NT 


— 


000 




14 


NT 


— — 


000 


^ 


15 


ST 





W W 


Bar. low to N. Tokio bar. 
760-769. 


16 


NT 





WT3 




17 


NT 





w 




18 


NT 





w 




19 


ST 




W'l 3 


At a p. strong wind to S.W. 


20 


ST 




w 


Bar. low to S. of Tokio. 
Tokio bar. 766-761. 


21 


ST 





w 


Bar. low to S. of Tokio. 
Tokio bar. 761-763. 


22 


ST 





w 


Bar. low to S. and W. of 
Tokio. Tokio bar. 765-767. 


23 


ST 


__ 


w 


Bar. low to S. and W. of 


ik^ m 




Tokio. Tokio bar. 767-766. 


24 


ST 





WT3 WT3 w 


Bar. low to W. of Tokio. 
Tokio bar. 766-767. 


Mar. 










I 


NT 


— 


WT3 w 




2 


NT 





W r3 WT3 




3 


NT 


— 


W w 




4 


NT 





w w 




5 


NT 


— 


000 




6 


NT 


— 


w 




7 


NT 





WT3 w 


Bar. low to S.W. 


8 


ST 




w w 


4 


9 


T m2iximum 
at noon. 





WWW 


Bar. eent/e traveHing from 
S.W. to N.E. over Tokio 

738-745. 


10 


r 





W Ww 




12 


ST 




W W 


Bar. eentre on N.W. eoast. 










In Tokio 759*747. 
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Date. 


N.N.E. 


N.N.W. 


w • 


B>^ 


CoMPl|NENT. 


CuMPONENT. 


Wl.ND. 


Rbmarks. 


1887. 










Mar. 


NT 


- 


w w w 


Tremors ougbt to have been 


13 








reeorded. 


14 


NT 




WT3 




J5 


ST 


T 


w w 


Bar. low in Yezo. Tokio 
755-760- 


16 


T and irregu- 
lar \vaves. 


ST afiernoon. 


W W 


Har. low in Yezo. Tokio 
765-770. 


17 


T and irregu- 
lar wayes. 


— 


w w 




18 

1 


r 


T frora 8 a. to 
4P. 


w W W 


Bar. low in North. Tokio 
74S-750- 


19 


sr 


Nr 


w w w 


Bar. low in Yezo. Tokio 
756-763. 


20 


Nr 


NT 


000 




21 


NT 


NT 


000 


Low bar. near Tokio. Toklo 
763-761. 


22 


ST at mid- 
night. 


vs'r 


000 




23 


NT 


NT 


000 




24 


ST and irre- 
gular waves. 


NT 


0WT30 


Bar. low in Yezo. 


25 


Irregular 
waves. 


NT 


Wo 




26 


Nr 


NT 


w 




27 


NT 


Nr 


Wo 




28 


T and irregu- 
lar waves. 


NT 


W W W 


Bar. low tn Yezo. Tokio 
750-756. 


29 


T and irregu- 


T to noon, not 


W W W 


Bar. low in Yezo. Tokio 


lar wave-4 


• working. 




757-757- 




from noon. 








30 


T and irregu- 
lar waves. 


NW 


w r3 w w 


Bar. low in Yezo. Tokio 
759-761. 


Apiil 










I 


NT 


NT 


w 




2 


ST and irre- 


VST 


w WW 


Bar. depression eomingup E. 
eoast. Atgp. near Tokio. 
Tokio bar. 763.747. 




gular waves. 














3 


ST 


ST 


w W W 


At 9 p. depression trayeUed 
to N. Yezo. Tokio 744*746. 








4 
5 


sr 


YSTuntil ap- 


w w w 


Depression io North. Tokio 


T and irregu- 


NT 


w w 


748-759. 


lar waves. 








6 


NT 


NT 


W w 


Bar. in Tokio 764-760. 


7 


sr 


NT 


w w 


>» *» >» 760-764. 


9 


|T maxiinuin 6 

NT 


ST noon to 6 

P- 
NT from a p. 


w W w 


.. »» »» 759-759- 


10 


WT3 W w 


.» »» »» 763-765. 






not working. 




12 


T 


sr 


w W W 


». ». »» 755-753. 


13 


sr 


NT 


w 


». »» .» 758-761. 


22 


T maximum 
II a. 

sr 


ST 


w w 


»» >» »» 756-758. 


23 


NT 


W 


»» ». >» 1S9-162. Bar. 
depression to East. 


24 


NT 


NT 


w 


Bar. in Tokio 764-768. . 


25 


NT 


NT 


w r3 w 


>» » » 771-770. 


26 


NT 


NT 


w 


*» » » 770-769. 


27 
29 


NT 


NW 


w 


» >» »» 768-765. 


T roaximum 1 
P- 


NT 


W w 


». ;» » 766-765- B*c. 
low ta S. W. 
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Datb. 

1887. 
April 

30 
May 

I 

2 

4 

5 
6 

8 
10 

14 

16 

18 

19 
21 

22 

23 
24 
27 

28 
29 
June 

3 
6 

7 

8 

9 

20 

21 
22 

23 
24 

25 
26 

27 

July 

22 

24 

25 



N.N.E. 

CoUPUNENT. 



N.N.W. 

eOMPONINT. 

I 



WlND. 



T and irregu- 
lar wave5. 



jT at 5 a. and 
I irregular 
t wayes. 
T and irregu- 
t lar waves. 
jT and irregn- 

lar wave$. 

iT and irregu- 

lar wave8. 

ST ana irre- 

gular waves. 

.ST 

sr 

T in morning 

ST 

NT 
NT 
NT 

Nr 

NT 

sr 

NT 

ST and irre- 
gular waves. 

NT 

Nr 

NT 

Irre^iilar 
\vaves. 

NT 
NT 

T from I a. 

T 

ST 
ST 

sr 
r 

sr 

NT 
ST 

Irreirular 
wavesi. 

Nr 

Irregiilar 
\vave8. 



I 

ST 

I 

T^a.m.strongi 
afterward8 ' 

slight. 
ST at noon. 

NT 

NT 

NT 

NT 

NT 

T 10-12 a. 

ST 

NT 
N'r 
NT 
NT 

ST 
NT 

NT 
NT 

NT 
NW 

NT 

T from II p. 

Afternoon 
NW 

sr 

ST 
ST 

NW 

ST 

NT 

NW 

ST 

NT 

NT 
NT 



W W W 



W w w 

w o o 
o W w 

00 w 

o w o 

o Wo 

o w o 

W Ww 

o W W 

w WT3 w 
WT3 o o 
W r3 WT: 
o w o 

o wr^ w 

o W w 

o o wr^ 

o WT3 o 

o w w 
w w o 

o w o 
o w w 

o w o 

o w WT3 
w o o 

o w W 

o W r3 o 
o w o 

o W W 
o w W 

o WT3 o 

o o w 
w w WT3 

o Wo 
w W o 

o W W r3 



RlMARKS. 



Bar. in lokio 'j6i-'jto. Bar. 
low to W. and N,W. of 
Tokio. 



Bar. in Tokio 753-761. 
764-762. 



ft I* 



if »» 



*$ » 



I» »* 



»* 



»• 



766-769. 

77i-77a- 
771-767. 



>• •* 
»• •• 
•• •• 



»• 
>• 



758-759- 

759-759- 

759-760. Bar. 
eentre passing np E. eoast. 
Bar. in Tokio 759-756. Low 
bar. in Yezo. 

Bar. in Tokio 761-763. 

763-765- 
760-765. 

758-758. 
758-755. 
755-756. 
757-760. 
765.764. 



>» •• 

•• •• 

•> •» 

• • •> 

• • •• 



• > 
i> 
>> 
I» 
>) 



» •• 

•» >> 
>• •• 



• • 

• • 



763-759- 
757-754- 



I.OW bar. over Tokio. Tokio 

755-754- 
Low bar. near Tokio. Tokio 

756-758. 



Low bar. near Tokio. Tokio 
761-747. 
Tokio 748-755. 

Bar. low to W. of Kiushiu. 
Tokio 756-758. 
Low bar. near Tokio. 

Low bar. near Tokio. Tokio 

750-758- * 
Tokio 757-754- 



Wind of forf e 3 only at 
plaees near eaeh othei. 

Wind of force 3 only at 
plaees near eaeh other. 

Wind of f(»rce 3 only at 
plaees near eaeh otlier. 
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Datb. 


N.N.E. 

GOMPONBNT. 


N.N.W. 

COMPONBNT. 


WlND. 


Rbmarks. 


1887. 










July 
26 


Irre^lar 


NT 


OWT3O 


. 


wave8. 






• 


27 


Irregular 
waves. 


NT 


000 




28 


Irregiilar 


NW 


Wo 


Wind of force s only at 5 
plaees near eaeh other. 


m0^^ 


wave8. 






Augr. 










I 


Irregular 
waves. 


NW 


w 




2 


NT . 


NW 


w w 




3 


Irregular 
waves. 


NT 


w 




4 


NT 


NT 


w w 




19 


Irregular 
waves. 


NW 


w 




22 


Irregular 
wave8. 


NW 


000 




29 


sr 


ST 


w W w 




30 
31 


NT 


NT 


w w 




NT 


NT 


WT30 


Bar. low to W. and N. Tokia 
765-763. 


Sept. 










I 


NT 


NT 


Wo 




2 


NT 


VST 


Wo 




4 


NT 


NT 


w w 




5 


NT 


NW 


w 




7 


Irregolar 
waves. 


NT 


WT3 




8 


NT 


NT 


WT3 




9 


NT 


NT 


w 




13 

14 
15 


Tand irregu- 


ST 


w W 




lar waves. 
1* 


ST 


W W W 


Bar. low in N. Yezo. 


ST 


sr 


W w w 


. 


16 


ST irregular 
waves. 


NT 


w W 




18 


NT 


NT 


w 




19 


NT 


NT 


w 




20 


NT 


NT 


W W 




21 


T irregular 
wave8. 


NT 


w 




22 


ST 


ST morning 

afternoon 

NW 







23 
24 


T 


T 


W Wo 




Ttoioa.after 
NT 


NT 


W w 




25 


NT 


NT 


w w 




26 


T 


NT 


w 




27 


ST 


ST 


W w 




28 


ST 


NT 


w w 




29 


ST 


NT 


ooW 




Oet. 










7 


VST 


VST 


W Ww 


Bar. low in N. Yezo. 


24 


T 


VST 


W w 
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Datb. 


N.N.E. 

GOMPONENT. 


N.N.W. 

eUMPONINT. 


WlND. 


Rbmark». 


1887. 










Oct. 

25 
26 


T 


NT 


w 




T 


NT 


w w w 




27 


T 


NT 


w w 




28 


T 


NT 


000 




29 


sr 


NT 


000 




Nov. 










6 


VST 


T in morning 


000 




7 


ST 


NT 


000 




8 


ST 


NT 


WT3 




II 


NT 


Nr 


w w 


Bar. low near Tokio. 


13 


T 


sr 


000 




14 


NT 


NW 


000 




iS 


NT 


NVV 


W w 




19 


NT 


NW 


000 




20 


NT 


NT 


000 




21 


NT 


NT 


000 




24 


ST 


NT 


w 


Bar. high over Tokio. 


25 


r 


N'r 


00 WT3 




26 


NT 


.NT 


w w 




27 


sr 


NT 


000 




28 


NT irreRuIar 
w;ives. 


NT 


000 




29 
30 


r 


NT 


00 w 




T 


NT 


W V/w 


Bar. low over N. Yezo. 


Dee. 










I 


T 


ST 


w 




2 


T 


sr 


W w 




3 


Sr irregular 


N'r 


WT3 W 




\vaves. 








4 


ST irregular 
waves. 


NT 


000 




5 


ST irregular 


NT 


w W w 




wave». 








6 


ST irregular 
w^aves. 


NT 


000 


• 


7 


ST irregular 


NT 


000 




waves. 








8 


ST irregular 
waves. 


ST 


w w 




9 


NT 


NT 


w 




10 


! sr 


Nl' 


000 




II 


1 sr 


N'r 


W Wo 




12 


vsr 


NT 


W w 


. 


13 


vs'r 


NT 


w 




14 


NT 


NT 


W W 




15 


. NT 


NW 


W Ww 




16 


r 


NT 


w 




17 


1 -y 


ST 


w T3 




18 


r 


NT 


000 




«9 


sr 


NT 


w r^ w w 





l6 MILNE: — EARTH TREMORS IN GENTRAL JAPAN. 



Dati. 


N.N.E. 

COMPONXNT. 


N.N.W. 

COMPONCNT. 


WlND. 


RlMARKS. 


1887. 










Dec. 


ST irregular 


NT 


W 




20 


waves. 








21 


ST 


NT 


000 




22 


sr 


NT 


w 




23 


VST 


N'r 


W W 




24 


VST 


NT 


w W 




25 


NT 


N'r 


W W 




26 


VST 


NT 


w w 




1888. 










Jan. 










3 


NT 


NT 


w 00 




10 


NT 


NT 


000 




II 


NT 


NT 


w 


• 


12 


VST 


NT 


Wo 




^3 


vsr 


NT 


000 




14 


NT 


NT 


W w 




15 


NT 


NT 


WT3 




16 


vsr 


N'r 


000 




17 


VST 


NT 


w 




18 


NT 


NT 


000 




^9 


NT 


NT 


w w 


• 


20 


NT 


NT 


w 




22 


NT 


NT 


000 




27 


NT 


NW 


Wo 




31 


vs'r 


NT 


000 




Feb. 










I 


NT 


NT 


w W w 




2 


Nr 


NT 


w WTs 




3 


NT 


NT 


000 




6 


Nr 


NT 


000 




8 


NT 


ST 


w 




9 


NT 


NT 


w W 




U 


VST 


NT 


w w 




15 


» NT 


NT 


w w 




16 


NT 


NT 


000 




17 


NT 


vs'r 


000 




18 


vsr 


VST 


W Ts 




20 


NT 


VST 


w W W 




21 


NT 


vsr 


w w 




22 


VST 


VST 


w 




23 


NT 


vs'r 


WT3 




24 


Nr 


VST 


W w 




25 


NT 


NT 


w 




26 


NT 


NT 


w w 




27 


NT 


NT 


w W w 




59 


NT 


NW 


w 
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Result of Analysis. 

. From a general inspeetion of the weather maps it is quite 
elear that, when little or no wind is indieated or when the 
isobars are few, no tremors are reeorded, while on the eontrary 
when the wind is strong at many stations in Gentral Japan and 
when the isobars oeeur in elose proximity tremors are 
almost always reeorded. On the Japanese maps the isobars 
are drawn with intervals of 5 mm. of pressure. On 
the Italian maps where the intervals are only i mm., the re- 
lationship between tremors and the frequency of isobars, whieh 
when they are numerous indieate asteepgradient, is even more 
marked than it appears to be in Japan. On the Italian maps 
whieh are published under the direetion of Professor M. S. de 
Rossi, the state of the wind is not indieated, but it may be 
inferred that when the gradients over the Italian Peninsula are 
steep, wind is blowing somewhere in the Peninsular, and 
therefore in Italy, as in Japan, tremors are aeeompanied by 
wind although the wind may not be blowing at some partieular 
plaee where tremors are observed. Gertainly tremors often 
oeeur with a low barometer, but the greater frequency of 
tremors apparently happens when the gradient is steep no 
matter whether the barometer is high or whether it is low, and 
eases may therefore be observed of low barometers unaeeom- 
panied by tremors, as for example on May 29th, 1887. Obser- 
yations like these have inelined me to the opinion that tremors 
are more elosely eonneeted with wind than with barometrie 
pressure. 

An examination of the preeeding tables shows : — 

1. That there are 80 eases of well pronouneed tremors 
having oeeurred with strong winds blowing in Gentral Japan. 
In several instanees tremors were observed in Tokio some 
hours ahead of the wind whieh was blowing heavily to the S.W. 
and travelling up the eountry towards Tokio. (See January 
3rd and ^th, 1887, also previous paper). 

2. There have been 40 eases of strong wind and no tremors. 

B 
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In 34 of these eases the wind has been loeal or of short dura- 
tion, that is to say wind was only blowing in Tokio, or it was 
only observed at one of the tri-daiiy observations. In the re- 
maining 6 eases (January i6th, Febrary 6th, Mareh i^th, 
.September 2oth, Deeember i^th and 251^) if tremors are the 
result of wind they ought to have been observed. 

3. Wilh no wind and no tremors there are 79 eases. 

4. With no wind and small tremors there are 63 eases. In 
39 of these eases tlie reeord on one band of paper showed no 
tremors and therefore these 29 eases might have been classified 
in the preeeding group. On the other band tremors were 
barely visible. In 8 out of the remaining 26 eases (January 
iith, i3th, February 2nd, ^rd, Mareh i6th, i^th, April 7th 
and i3lh) the tremors observed were immediately in advance 
of a iieavy wind, or were tremors eontinuing after a large wind 
had passed, at whieh time tremors had been well pronouneed. 
There are therefore only (26 — 8) 16 eases when Iremors ean 
be said to have oeeurred when there was no wind, and these 
eases oeeur when only one band of paper for receiving reeords 
was working. 

The above results may be tabulated as follows : 

1. — Slrong wind and well pronouneed tremors 80 

2. — Slrong wind and no ireniors 40 eases, whieli may 
be snl)divided inlo : — ' 

Cases were tieniors onglit lo have oeetirred 6 

Gases wheie llie wind was loeal or of sliort diira- 
tion and il is lherefore doubtfnI wliellier treniors 

should have been reeorded 34 

3. — With 110 wind and tremors 79 

4. — Wilh no wiiid and slighi iremors 63 eases, whieh 
may be subdivided into: — 
Gases where tremors weie so sniall that they 
were only reeorded on one band of paper (39 

-|- a possible 16) 55 

Gases whieh niay have been due to wind ...^ 8 

Total 262 

The eonelusion is that out of 86 eases of wind there are only 
6 eases when tremors were not observed, while when there was 
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no wind generally there were no tremors, or at most tremors so 
slight that they were barely reeorded. A result whieh agrees 
with that arrived at previously. 

For three months an automatie spark reeord was kept of 
tremors wbieh might be due to vertical motion, but as these only 
oeeurred when tremors were reeorded by the maehine already 
deseribed and were extremely small, the observalions were 
diseontinued. The instrument employed was a horizontal 
lever spring selsmograph with an index having a multiplieation 
of about 100. * . 



HOW WERE THE CONE-SHAPED HOLES ON 

BANDAISAN PORMED? 



By E. Odlum. 

[Read Deeember ^th, 1888.] 

Before saying anything about the different theories advanced 
to explain this question, it is right and proper to say that 
Professor Seikya and Mr. F. Kikuehi, Assistant Professor of 
Geology in the Imperial University, have ably pioneered the 
way for the true explanation. In fact they have done more. 
They have met several or all of the objections raised against 
what must finally be aeeepted as the only scientific explanation 
of many, if not of the large majority of the numerous eone- 
shaped holes to be found all the way from the broken erater 
edge, and the adjoining peaks, down to the valley below. The 
testimony of these gentlemen is of the greatest value, as they 
have made an extensive and scientific exploration of the eniire 
region affected by the eruption. As their report was given in 
leeture form by Professor Seikya, there is no need of making 
any general observations eoneerning the outburst. It is the 
aim of this paper to deal only with the eone-shaped holes. 

That there are vast numbers of sueh holes, probably 
hundreds of thousands, all admit. That most of them were 
formed during the eruption all are agreed. That they are 
found seattered irregularly in all direetions from the peaks to 
the valleys below is known by those who have examined them. 
That many theories have been advanced to aeeount for them 
is now a matter of history. 
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Thk Diffkrent Theoriks. 

A. SoUataras — i.e, vents from whieh issue sulphureous gases. 

B. Steam and other gaseous vents. 

C, Seismie aetion operating on bodies of matter eoneealed 
in the mountain slopes. 

D, Falling stones. 

E, Human ageney. 

F, The uprooting of vast numbers of trees by the eombined 
force of the earthquake shoek and hurrieane whieh prevailed 
at the time of the eruption. 

Some of these theories may be dropped at onee, as they are 
not aeeepted by any one who visited the seene of ihe outburst* 

A, " Solfataras'' as a theory is dropped, and never was held 
by more than one or two. 

B and C may be passed over for the present as the former 
has no following now, and the latter is only a theory, whieh has 
not yet produeed one fact to give it any lasting elaim as a 
general expIanation. 

We shall now eonsider F for a moment. 

Those who have travelled over the mountaln slope know 
well that almost all the large trees have been blown out by 
the roots. This is true eoneerning the trees on at least 
one half, if not two-thirds of the mountain, from the peak 
downward. Large quantities of elay, sand and gravel ad- 
hered to the roots and thus many large holes were formed. 
In many eases the great force sent the trees a little distanee 
from ihe plaee on whieh ihey stood, and in a few instanees 
turned them eompletely over; but the large majority are ly- 
ing with their roots elose to ihe holes made by their falling, 
with their tops pointing down the mountain. This is enough 
to show that many holes were formed by trees blown out by 
the roots. 

Let us now look at E for a moment. It eertainly sounds 
strange to say that large numbers of the eone shaped holes 
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were formed by human ageney, Nevertheless it is true, and 
easily proved. 

While examining ihe holes carefiilly, with the object in view 
of seeing what were the facts, the men whora I had engaged 
to dig, eoneluded that there was no use of digging any further 
in one of the holes in whieh I was interested. In fact they 
were determined to stop, beeause they knew there was no 
stone in that partieular hole. 

To convince me, they pulled out some small pine roots and 
set them afire, and informed me that the people in the villages, 
dug out many sueh pine roots for the purpose of getting 
material for fire and for h'ght. 

This seemed very strange, but was worth eonsidering. 
Towards evening alabourereamedown from the heights above 
witn a large load of pifie rools on his baek. He gave the 
same information as the diggers. On returning to the village 
of Inawashiro the same facts were again substantiated. 

rrofessor Seikya iooked into the matter carefully, and in 
reply to a letter on the subject, sent by him to a friend in the 
Bandaisan region, received thefollowinganswer, whieh he has 
kindly translated for my use : — 

" It is very natiiral for you to ask that qucstion." (The writer of the 
letter was interrogated as to the use ofthe Pine Hoots.) *' Piiie Rools 
are used for lighting purposes. They eontain an abundanee of resin — 
50 nuuh so that some of them are semi-transparent-light. Some of 
them give better light than oil or eandles. In winter nights they also 
serve for heating rooms, and «re niostly used among the peasantry. 
Call them /armer's lamps if you like. '1 he priee for one stump is be- 
low 10 5^«. Sometimes owners of the forests ailow people to dig them 
gratis, I suppose for their own convenience. One large root often re- 
quires two or three horses to earry it, but lasts six months for one 
household. Being so eheap, convenient and near at hand no wonder 
almost every farmer goes to the mountains for them — the reason why 
you iind so many holes on the slopes of Bandai and Akahagi." 

I wrote to Mr. Kiniehiro Hasegawa, the chief of poliee at 
Inawashiro, a gentleman who did all he eould to answer my 
questions carefully, and comprehensively ; and he sent the 
following reply : — 
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" A£ter careful esamination I gained this inforniation. Digging up 
pine roots is done not only by one or two villages but by neaily all the 
villages around the mountains. They use them for light when they 
are working at night. They are used ehieily by the poor." 

From these two letters and the other facts already mentioned, 
we readily see that a large number of holes was formed in this 
manner. These holes are eonieal ; and, as a large amount of 
earth is dug out to elear away the roots, there Is also a rim of 
earth around them, mueh the same as around these formed by 
the faHing stones. It is impossible to tell these two kinds of 
holes apart, without aetual digging. When the ashes, or 
voIcanic dust fell over the slopes of the mountain, it covered 
the old pine siump holes and also the new holes made hy fall- 
ing ston^s in sueh a manner as to make them look alike. 

We now eome to the chief topie, to the eonsideration of 
D, It must be examined into most carefully, as this parti- 
eular phase of the question has been the chief *' bone of eon- 
tention." 

Before a proper answer ean be given to the question *'Did 
falling stones make a large number of the holes on the slopes 
of Bandai-san?" we must deeide that stones were projected 
into ihe air at the time of the eruption. If they fell they were 
projected, and vice versa. 

isT. — Did stones fall ? 

A, Many eye witnesses have testided to the fact that they fell 
in immense numbers. The newspaper eorrespondents, 
sightseers, amateur and matured seientists, have given 
overwhelming testimony proving that stones, eountless in 
number, both large and small, fell with terriiie violence all 
over the slopes of the mountains. 

B, Many persons were wounded and two, at least^ were killed 
by falling stones. 

C. The ruins of villages, and broken trees of all sizes show 
that they were bombarded by stones both small and large. 
In fact all admit that Yes is the true answer to the ques- 
tion did stonesfall ? 
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2ND, — Where are these stones? 

A* They must be above or beneath the surface of the earth. 
They fell in all direetions, mostly to south-east, and in 
some eases to the distanee of five miles from the erater. 
Most careful seareh reveals ihe fact that ihey are nowhere 
to be found, and therefore they are not above the surface. 

B, If they are below the surface they must have penetrated, 
by the great force gained while falling thousands of feet 
through the air, into the earth several feet, leaving large 
holes to mark iheir present resting plaees. 

C It is inconceivable to suppose ihey buried themselves in 
the earth without making holes. 

D. Are there holes? Yes, tens or hundreds 0/ thousands, 

E. In many of ihese holes are found fresh, angular, ash 
covered stones of different sizes. 

F, Under all the stones dug out there were found grass, leaves, 
weeds, branehes, and other kinds of vegetable matter, 
whieh had been earried down by their lower surface. 
These different plants were mostly bruised until little re- 
mained but the eoarse tough woody Tibre whieh has the ap- 
pearanee of having been passed between heavy iron rollers. 

G, In one hole the large stone had struek on a boulder of the 
mountain mass, and ground or erushed the eorner into 
powder. The stone had almost eome to rest before it 
eame in eontaet with the old imbedded roek or boulder, 
so that the eorner of eaeh, at the plaee of impingement, 
was pulverized to the extent of not more than four or five 
inehes square, but it was quite fresh. 

3RD. — Running down the mountain slopes from the tops to 
the valleys are many gorges, some of whieh are very deep, and 
at plaees along their bottom may be found comparatively 
level spots. 

Sueh plaees were visited and roany holes found in them. 
£ut the holes are just as numerous on the slopes of these 
gorges, and on the ridges between two adjoining gorges as iu 
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their valleys. If seismie aetion operating on water were the 
eause of the holes, we would expect the holes to be in the 
gorges and along the water-ways, hut not all over the higk 
and dry ridges hundreds offeet ahove^ as is undoubtedly the 
ease. 

4TH. — The solid, bare, native, mountain roek has on its 
upper surface marks and large sears whieh eould have been 
made only by falHng stones. In Fig. I., A and B represent 
two very important phases of this question. In A, CC\% the 
native roek, A' represents a eoarse irregular sear made by the 
falling body; i^the dark spot in the eentre is intended to 
show what would have heen the ease if the huge fracture were 
made by steam, gas, or water aetion from below. Undoubtedly 
there would be a hole eorresponding to Y, Stieh a hole does 
not exist. But the sear is represented by the eentre / in B. 

* 

5TH. — As said before, the trees show most conclusively that 
stones were hurled wiih great violence ihrough the air. Fig. II. 
is a sketeh of a tree about half a mile from the erater. In the 
shattered trunk, the stone is imprisoned in the splinters, as 
shown in the diagram at S. 

6th. — Fig. III. represents one of the holes found on a level 
spot in one of the gorges before mentioned. Its diameter is 
31 feet, and deplh about 10 feet. The erater is about five 
miles distant in the direetion of C. The rim of earth is 
deeper and larger on the side marked B. Tliis is most 
natural. If the stone fell perpendieularly, the rim of earth 
would be the same general size all around tho the hole, but as 
the stones fell in a slanting direetion, and away /rom the 
erater, the rim of earth is larger at B, i.e. on the side distant 
from the erater. 

7TH. — On digging into these holes and examining the posi- 
tion of the stones, I found that they were not in the eentre, but 
to one side, and always on the side distanty'rom the erater. 

In fig. IV. C is a large hole about 10 ft. in diameter ; AA 
is a perpendieular ereeted at the eentre of the hole ; BB is a 



HOLES ON BANDAISAN PORMED ? 27 

perpendieular from the eentre of ihe stone. The erater is 
fully four miles distant in the direelion of K. The distanee 
from AA to BB is about 10 or 12 inehes. This distanee is 
varied aeeording to the shape of the surface and the material 
on whieh the projectiIe fell. 

8th. — On many parts of the mountain the small trees and 
shrubbjry are very dehse. Among this thiek growth some 
imporlant facis were oi)served. In fig. IV. Z> is a large hole 
about 15 ft. in diameter. /?/. is the mountain slope. The 
erater is off in the direetion of X between 3 and 5 miles. 
As the stone eame erashing to the earth, it eut its way 
through the bushes, tall grass, and weeds, bending them in 
fhe diredion s c\ but as the earth was forced out on the 
lower side of the hole, the shrubs and small plants w^ere bent 
away from ihe eenire ioward ihe base of the mountain. 

9TH. — The weeds, leaves, branehes, ete, found under these 
stoiies, eorrespond to those growing around the hole. 

lOTH. — Where the stones fell on the steep slopes of the 
mounlain so steep as to make the angle CDE 45° or more, fig. 
V. CD being the inelined surface where ihe hole was made, 
the earih rim is found 07i ihe lower side only as at « ; and 
the distanee from the upper side of the break to ihe lower 
eentre of the hole is mueh greater ihan that from the eentre 
to the surface on the lower side, in some eases iwiee as greai. 

NoTE. — The mountain slopes are for the most part soft raud, sand and 
deteriuiated v<)lcanic seoris. '1 his is true of neaily all the mountains of 
Northern Japan, 

iiTH, — The rim of earth thrown out is for the most part 
fairly regular in its shape, and confined within a distanee of a 
few feet from the ^^g^ of ihe hole. Very seldom is it more than 
10 feet from the edge of the hole to the outer edge of the rim. 
If the holes were made by steam, gas, or water aetion from 
below ihey would have around them very irregular rims of 
dirt, whieh would be seattered hundreds of feet from the 
eentre. This is noi the ease. 
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I2TH. — On reaehing these stones, careful examination was 
made beneath them. We turned them over, and eontinued 
digg\ng to see if the ground below was solid, or loose and 
erumbling. We found it solid ; just like the well eompaeted 
earth generally round by digging to a distanee of 6 to 12 feet. 
Had there been a **blow up" from below there would be 
some signs of sueh aetion. No sueh signs were found. The 
earth would have been loose, bu/ it was solid. 

13TH. — That stones are not found in all the holes may be 
readily explained by the fact, before mentioned, ihat many 
holes were made by people digging out pine-roots. 

14TH. — Many of the holes were measured. They vary from 
a few feet in diameler to over thirty feet, and from 3 to 10 feet 
in depth. 

The following table gives the measurements of a few of 
those most carefu}ly examined. 

I. — 7 feet diameter, 3 feet deep. 
2. — s feet diameter, i^ feet deep. 
3. — 15 feet diameter, 5 feet deep. 
4. — 10 feet diameter,-37j feet deep. 
5. — 31 feet diameler, 10 feet deep. 
6. — 10 feet diameter, 2 feet deep. 
7. — 20 feet diameter, 6 feet deep. 
8. — 26 feet diameter, 5 feet deep. 
9. — 10 feet diameter, 5 feet deep. 

15TH. — ^The ratios between the diameters and depths of the 
holes low down the mountain sides are different from the ratios 
between the diameters and depths of the holes near the sura- 
mit. Above, i.e, near the peak, the diameter is greater than 
the depth in eomparison with the same functions below. 

This is natural. The stones whieh fell near the summit did 
not fall so far, and therefore their final velocity was less ; while 
those reaehing the ground far down the mountain had mueh 
iarther to fall, in some eases between 3,000 and 4,000 feet- 
Henee the final velocity would be mueh greater and they would 
penetrate to a greater depth in proportion to the diameter. 
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i6th. — Some think the holes are too large to be made b^ 
the stones found in them. But when \ve eonsider the height 
from whieh they fell, and their momentum, we ean readily 
believe they made the holes in whieh they are found. 

One excavated stone had the folIowing measurements, as 
nearly as eould be aseertained. 

It measured 27 x 35 x 40 inehes. 
This gives 37,800 eubie inehes. 

Taking the specific gravity as 2.5, whieh is a little above the 
fact, as shown by the results arrived at by Professors Sekiya 
and Kikuehi, the total weight would be 3,975 Ibs. Suppose 
the stone fell 7,744 feet, whieh is a very moderate height, the 
final velocity would be 704 feet per seeond. 

This gives a momentu'm of 2,798,400 foot pounds and a 
working energy of 30,782,400 foot pounds. 

This force, or eapability for performing aetual work, is sim- 
ply inconceivable ; even after due allowanee i^ made for at- 
mospherie resistanee, whieh would be eonsiderable. 

17TH. — ^The average tendeney of steam, gas, or water aetion 
in forming holes on the slopes of the mountains, would be to 
emerge at right angles to the surface, as indieated by m n, in 
fig. V. By or a A, hut not K R^ as ts really the ease in all tke 
holes so situated, 

Again, if the holes were formed from below there would be 
eonsiderable ejecta all around, on the upper side, as well as 
the lower, whieh is not the fact, as inspeetion shows in fig. V. 
A, There is no rim of mud at m, on the upper side, but 
mueh at «, below. 

i8th. — In fig. VI., A is 2L hole from whieh a large boulder 
was taken ; c d \s 186 inehes, c m 50, d m 100, e m 50. In B^ 
c d'\s 13 feet, c m S, d m 11 and e m 7j to the top of the stone^ 
s. X represents the direetion of the erater from A and B. 

NoiE I. — While these holes are generally spoken of ascone>shaped,quite 
a number are not of sueh a furni, but vary eonhiderably owing to many eir- 
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eumstanees, sueh as positlon of surface and the heterogeneity of the material 
on and under the surface. 

NoTE II. — Althou^h the term ashes is used to indleate the pale bhie 
volcanic dust, seriuus doubts are held eoneerning' their true eomposition. I 
thinU'they may be more eorreetly eonsidered as fine diist resultingr from the 
pulverizine of the soft stones and day of whieh the moiintain is mostly 
tormed. Stone dust, or voIcanIc dust would, perhaps, be a better term. 

19TH. — Besides the objections already made to tbe theory 
that tbe holes were formed by seismie force operating upon 
water and forcing it to perform tbe wonderful feat of blowing 
out tens of tbousands of boles all over tbe mountains from 
their peaks to the valleys, not only in tbe lower parts, but 
along tbe dry tops of the ridges, anotber objection may be 
raised. It is as follows : — 

The whole mountain looks as if it bad a beavy attaek of 
small-pox. Now, to suppose eaeb bole, or every seeond, or 
third hole, was formed by water aetion is to suppose sueb a 
quantity of water in all parts of tbe mountain as would bave 
turned tbe entire mass into muddy slush, whieb would have run 
down into all ibe adjoining yalleys long before tbe eruption 
eould bave taken plaee. Sueh a mountain eould not stand 
half an hour. 

20TH. — ^The innumerable boles of all 8izes on the inner 
slopes of the erater and on the peaks are most difficult 
to explain. Doubtless many of them were eaused by falling- 
stones, and perbaps a number of tbem by steam or gaseous 
aetion as indieated in the beginning of this paper. 

In the marsb known by the name of Numanotaira, the 
explanation so ably advocated by Mr. J. Milne, Professor o£ 
Mining in the Imperial University, may be true for some of 
the holes. Here of eourse is a large quantity of water whieh 
must have under its lower surface many iissures filled with 
water. In sueh a spot there is reason for the hypothesis o£ 
seismie aetion. But this marsh is not the one tbousandth o£ 
the area dotted with holes, and is elose to ihe erater, eom- 
paratiyely speaking. 
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2IST. — Why are ihe holes more numerous towards the north 
east side of the mountain ? 

A. The wind, whieh was blowing E.S.E at the time, would 
have a tendeney to earry all the material projected into 
the air in the same direetion. In 30 to 50 seeonds ihis 
wind would eertainly move the stones somewhat out of 
their eourse, and espeeially so, if the wind at a great 
elevation was very strong, as it was in all probability. This 
we may infer from the fact that large quantities of the 
Yoleanie dust were earried 60 miles distant with the wind. 

^. Perhaps the fierce hurrieane rushing down the sides of the 
mounlain would aid in driving mueh of the ejecta, inelud- 
ing the stones, towards the north-east. Looking over 
the different parts of ihe mountain, and excluding the 
north, in the direetion of the great outburst, one is led to 
believe the hurrieane force was stronger on the N.E. side 
than in any other direetion. 

C. But the chief eause may be understood by looking at Fig. 
VII. 

There are four peaks : — ^. Kushigamine, B, Akahagi, C 
Obandai, and A''. Kobandai, ihe peak that erupted northward 
towards D, 

The dark, eone-shaped mass is intended to represent ihe 
peak in the aet of lifting. The enormous steam or gas pres- 
sure that lifled the eone, having an allitude of between iwo 
and three thousand feet, with a voIume of 158,700,000 eubie 
yards as shown by Prof. Sekiya, and hurled it many miles over 
a large area, found an immense vent at the norlh side. From 
this vent issued vast masses of stone ash, mud, and hundreds 
of thousands of stones. The high peak C, Obandai, in elose 
proximity, and the other high summit A, Kushigamine, on the 
east, would to a very large extent turn the force of the northward 
explosion through the low and large opening between them, t\e. 
between A and C. This would eause the mass of projected 
matter to pass north-east over the lower peak B, Akahagi. 
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This, is perhaps, a reasonable esplanation for the appearanee 
of the great quantity of mud and boulders whieh eame north- 
east to Mine, and does away with the neeessity — aeeording to 
some — of supposing there are two distinet eraters. 

NoTB. — ^True there are many stones and boulders visible in and on the 
mud areas; but they eame down the mountain gorge or va]le]r mixed up 
with the mud, and did not fall from the erater on the mud after it had eome 
to rest. 

In presenting the above facts, I have felt eneouraged beeanse 
the gentlemen who have the management of the Seismologieal 
Soeiety of Japan in hand, men whose labours are well known 
among seientists of other lands, who stand in the front ranks 
in their several departments of researeh, and whose only ob]ect 
is to patiently and faithfully glean the gems of truth from the 
broad and rugged fields of nature, are the gentlemen who have 
given me tbis opportuni ty to add my little to the mueh already 
harvested, and in whose hands, one, in his inability to do 
]ustice to the work undertaken, feels safe, knowing that not 
only fairness but even lenieney will be eordially manifested. 

DiseussioN. 
Pro/essor Mtlne first remarked that he had already ex- 
pressed his views about the eonieal holes at Bandai-san but now 
that the matter was receiving speeial attention he felt that he 
must reiterate and express more definitely his former arga- 
ments. Gontinuing, Professor Milne said : — ^Thus far I have 
been in a minority of one. Professor Sekiya and his eolleague 
Professor Kikuehi after elaborate investigations whieh even 
extended to excavating and boring in some of the holes, have 
arrived at the eonelusion that they were formed by faHing 
stones. Mr. Odlum who has made a speeial study of the pits 
arrives at similar eondusions, and other gentlemen who have 
seen Bandai-san are of like opinion. Herr Von Kreitner holds 
the belief that the holes were produeed by steam explosions 
from below, and in support of his views has told us that when 
he and his eompanions were approaehing one of these holes 
they invariably notieed a sulphurous smell, as if emanating 
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froin a so]fatara. My views as to the origin of the pits is an 

old one, and so far as I know is one whieh has been eon- 

sidered sufiicient to explain the origin of the water, mud, sand, 

or gas eruption at eonieal holes and fissures whieh are found 

over wideareas after the oeeurrenee of every large earthquake. 

Sueh holes, whieh do not appear to differ in any way from the 

Bandai-san holes, were formed at the time of the Gharlestown 

earthquake and the Cachar earthquake (photographs ex- 

hibited). Similar pits are deseribed and illustrated by Lyell in 

his Prineiples of Geology, voI. II. p. 127. They were speeially 

reported upon by a deputation of Aeademieians, from the 

Royal Aeademy of Naples, who examined into and wrote upon 

the effects of the great Galabrian earthquake of 1783. These 

gentlemen also dug into the holes, but we do not hear of their 

having found any boulders. The expIanation of the pit forma- 

tion whieh I have 'given is somewhat similar to that suggested 

by Sir William Hamilton, but more aeeurately expressed by 

Mallet. In a small book on earthquakes published in the 

International Series I have expressed these views as foIIows : — 

In the ease of a horizontaI shoek passing through a bed of 

ooze or water bearing strata, the elastie wave will tend to paek 

up the water during the forward motion to sueh an extent that 

it will ilow or spout up through any aperture eommunieating 

with the surface. By the repetition of these movements eausing 

e]ections, mud or sand eones like those produeed by a voIcanic 

eruption may be formed, and by a similar aetion water may 

be shot vioIently up out of wells as was the ease in Jamaica in 

1692. If an emergent wave aets through a water bearing bed 

upon a superineumbent layer of impervious material this upper 

layer is, during the upward motion by its inertia, suddenly 

pressed down upon the latter. This pressure is equal to that 

whieh would raise the upper layer to a height equal to the 

amplitude of the motion of an earth partiele and with a velocity - 

at least equal to the mean velocity of the earth partiele resolved 

in the vertical direetion. For a moment the water bearing . 

C 
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strata receive an enormous squeezey and the water or mud 
starts up through any crevice whieh may be formed leading 
to the surface. We therefore have three theories to diseuss, 
and I will take them seriatim, 

iST. — The Volcano or SoUatara Theory. — Although Herr 
Von Kreitner and his friends deteeted a sulphurous smell at 
the holes, may not ihis have been due to the deeomposition of 
organie matter ? Although sueh oeeurenees are not uneom- 
mon, I did not smell anything notieeable nor did any of my 
numerous acquantances who have e.xplored Bandai-san. 
Therefore, I eonelude that the observations of Herr Von Kreit- 
ner were exceptional and not general. As a sulphurous smell 
was therefore exceptional, and as all the water in the holes was 
eold, and as there was no steam, I am strongly of opinion that 
the holes were not of volcanic origin. Furlher, were they of 
Yoleanie origin I fail to see why ihey should be spread over so 
large an area and be praetieally of uniform. size. Some I 
should have expected to have been of eonsiderable size and 
others small. For a similar volcanic eilort to have been made 
at praetieally similar depths, at thousands of points beneath 
an extended area, is not only improbable but outside the 
history of vulcanology. 

2ND. — ^The Palling Stone Theory. — The only experiment, 
of whieh I am aware, whieh supports the theory that the Ban- 
dai-san holes were formed by falling stones is tbat of throwing 
a bullet into dry sand, when the sand will splash outwards and 
a eonieal hole maybe formed. Thelike effect, however, is not 
produeed when a bullet is thrown into ordinary earth or elay, 
nor is it produeed when fired through a pieee of wood. In 
tbe latter ease the effect is reversed and the apex of the eone 
i^ on the side where the bullet entered. A stronger objection 
to ihe theory is that the holes are tolerably uniform. When 
Bandai-san exploded, stones of all sizes were shot to diflferent 
heights and therefore very <iifferent effects might have been 
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produeed. Some boulders should be resting on the surface, 
some buried a few inehes, some a foot, some two feet, and so 
on. The facts, however, are that it is only in a few holes that 
stones have been discovered just as they might have been dis- 
covered by digging anywhere in ihe side of a mountain ; and 
further, they all, or nearly all seem to have had just sufficient 
velocity to penetrate the upper erust and then disappear in a 
softer iayer beneath. Even supposing that the stones were 
shot to a height of 10,000 feet, whieh is double the height we 
ean reasonably suppose them to have gone, as judged from 
pietures of the eruption, the velocity with whieh they struek 
the ground ean not have been mueh over 700 feet per seeond. 
It does not seem likely that an ill shaped roek striking the 
ground with this velocity, whieh is only quarter that of a ball 
from a modern gun eould have excavated a eonieal hole in 
moist earth 10 or 15 feet in diameter and ihen have buried 
itself in the hole it formed. The fact that perfect branehes of 
bamboo have been found beneath one or two boulders is surely 
an argument 4hat the hole was noi formed by the falling of the 
boulders, whieh raiher than earrying down with it leaves whieh 
are as perfect as if prepared for an herbarium, pught on the 
eontrary to have erushed and broken them. Then again, 
amongst the thousands of volcanic eruptions, when materials 
have been thrown to a height of 20,000 feet, where have we an 
aeeount of the falling stones produeing pits? The boulders 
Irom the great eruption of Asama-yama still lie round its base, 
but they do not appear to have made pits. We read of huge 
boulders having been thrown a distanee of 9 miles> but we do 
not read of pits having been produeed by the boulders. Neither 
in the three treaties on volcanocs — one by Serope, one by 
Daubeny, and the other by Judd, nor in many other works do 
I ever remember reading that pits have been produeed by 
falling boulders. If pits have been produeed at the time of a 
voIcanic disturbanee I think we shall find that sueh a disturb- 
anee was aeeompanied by an earthquake, and if the pits at 
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Bandai-san were fonned by fal)mg roeks it is a new and im- 
portant observation in vuIcanoIogy. In the ease of a meteorite 
we havc a body passing through the atmosphere with a velocity 
sufficient to render itself red-hot, yet even in the ease of heayy 
bodies sueh as these I do not think we read of eonieal holes 
being excavated. My own eonelusion therefore is that the 
majority of the holes were not formed by falling stones. A 
few in the soft mud of the erater may have been formed in 
that manner, but it is more likely that the few holes in sueh 
position were made by the explosive aetion of steam. 

3RD. — ^The Water Pressure Theory. — I am led to believe in 
this theory partly beeause there are so many objections to the 
other theories and partly beeause it is supported by many facts. 
At the time of the Bandai-san eruption there was a severe 
earthquake, and it is an extremely eommon event to have holes 
like those at Bandai-san formed at the time of large earth- 
quakes. Why therefore should we seek for any olher eause, 
when we remember that nearly all volcanoes have ejected large 
roeks, but it is seldom if ever that these have been known to 
excavate erater-like pits? It seems very improbable that the 
pits at Bandai-san were formed in this manner. If they were 
formed in this manner pits in all stages of forniation should 
exist, the large ones being relatively few in number and eaeh 
pit should eontain its boulder, whieh in the majority of eases 
ought to show freshly fractured surfaces, and beneath no 
boulders ought we to disep^er branehes and plants, so perfectly 
preserved and unerushed as those whieh have been exhibited. 
The earthquake eflFort, whieh may be illustrated experimentally 
by eoating a surface of water eonlained in a shallow vessel 
with alternate and irregular layers of paralBn and sand, and 
then tapping the surface or sides of the same, would round the 
immediate vicinity of Bandai-san be felt wiih appro^imately 
equal intensity. The eflFect of this upon water bearing strata 
at moderate depths, in bursting through the erust, we should 
antieipate would be tolerably uniform, and in the majority of 
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eases result in the formation of eonieal holes, rather than 
iissures. 







Thus a disturbanee passing along the water bearing strata 
A By would tend to burst through the surface at C, rather than 
at D and E where the resistanee to rupture is comparativeIy 
great. Further, the ruptures would, for the foIIowing reasons, 
generally take plaee atsome partieular point or points along the 
depression C, whieh runs at right angles io D C E rather than 
from a tissure. (i) Assuming ^4 ^ tobe of a stream-Iike form 
running at right angles to the depression C, in this ease it 
would only be where A B passed beneath C that fracture 
would take plaee. (2) Assuming ^ ^ to be of a stream-Iike 
form but running beneath and parallel to the length of the 
depression C or even let A B be of sheet-Iike form, in this 
ease, beeause in the earth beneath C there are fissures, 
eraeks, or lines of weakness as F G, whieh when traeed along 
their length vary in their dimensions, at some plaees rising to 
the surface more than they do at others, there are therefore 
points of comparative weakness, and at sueh plaees we might 
ezpect the superGeial soil to be burst through rather than at 
others. In some instanees however, espeeially with very 
8evere shoeks iissures may be formed. The holes whieh 
I inspeeted followed an irregular line along the length of a 
valley on the west side of O Bandai, along a Ilne of 
drainage. The boulders whieh have been found in sueh 
holes, so far as I am aware, are in no way different and 
not more numerous than I should imagine them to be in the 
soil lying upon any portion of the mountain side. The shape 
of the holes is sueh as would result from an expIosive efiFort 
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in soil, branehes of shrubs and the grass forming a fringe round 
the edge of sueh holes being blown outwards. After an ex- 
plosion, mueh of the material, not having been projected to 
any height, probably in no ease more than 20 feet, would fall 
baek to the cavity from whieh it had been ejected, while 
other materials might roll down its sides. In this way I should 
aeeount for boulders, grass, Ieaves, and the like being found in 
the holes — in some eases the boulders resling on the vegetable 
matter. Regarded in this manner, the seisniie theory may be 
made to aeeount for all the observed phenomena, while the 
soUatara theory, or the theory of falling stones, leaves, as we 
have seen, mueh to be explained. For my part, with sueh 
observations as have been brought before us, I prefer to believe 
that the majority of the holes at £andai-san were formed by a 
seismie effort paeking up watery strata whieh here and there 
burst through the superineumbent strata at points of least je- 
sistanee, rather than by any of the unusual methods whieh 
have been suggested. 

Prof, Knott said there were difficulties whieh prevented him 
from aeeepting some of the theories advanced. The argument 
as to the mud being thrown up on the lower side of the hole 
would, he thought, apply equally to Prof. Milne's theory, as in 
any ease the mud whieh was thrown up on the higher side 
must fall baek into the hole while that on ihe lower side re- 
mained. He was inelined to Prof. Milne's belief that there 
should be a great many holes of difFerent sizes eorresponding 
to different sized boulders. How was it therefore that the 
the size of the holes was so limited ? Those were some of the 
difficulties regarding the stone theory. Now he would bring 
forward a theory of his own whieh was eaused by the mention 
of the pine stump holes. Possibly where stones were found 
in holes, sueh holes were made by the digging for pine roots, 
and the stones discovered might have rolled in during the 
eruption. 

Mr, R, Whittington remarked that the stone theory might 
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apply lo some of the holes, while the water theory might also 
aeeount for others, but no definite evidence had been produeed. 
Before the latter theory eould bc proved it would be neeessary 
to discover whether the mud in the holes was similar to the 
watery stratum underneath. 

Pro/essor Sekiya eomplimented Mr. Odlum on his paper, 
and eonsidered that he had advanced decisive evidence in 
support of his theory, 

The ehairman did not eonsider any of ihe theories advanced 
sufl5ciently established by the facts. The presenee of mud on 
the lower side was eertainly not more against Professor Milne's 
theory than in favour of Mr. Odlum's. The question was still 
left an unsettled one. 

Pro/essor Knott enquired what was the ratio of the number 
of holes in whieh boulders were discovered to the number of 
holes investigated. 

Mr, Odlum^ in the eowse of his reply, referred to an experi- 
ment with paraf!in and mereury whieh he said indieated that 
his eonelusions as to the forms of the holes were eorreet. As 
to the argument that the plants taken from benealh the stones 
should be erushed and not perfect, he informed the meeting 
that the plants whieh were removed were immensely erushed, 
in fact there was nothing but fibre Ieft ashis speeimens showed. 
The slones had the appearanee of having been reeently 
thrown in the holes, neither were the stones all of one size ; 
there were many small ones, but ihe larger ones were better 
suited for investigation. He was delighted to see Profe$sor 
Milne holding on with sueh vigour to his theory but he 
himse]f eould hardly conceive Bandai-san being a sort of watery 
mountain. To suppose that the holes were made by water 
was to suppose that the mountain was one of water, and 
sueh a mountain eould not stand. The holes were both 
large and small in size, they varied aeeording to the size of 
the boulder, and those he examined evidenced the eor- 
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reetness of his theory. Dealing with the theory that the stones 
might have rolled into holes whieh were waiting to receive 
them, he remarked that he should have expected to iind the 
stones on the surface of the hole and not buried several feet 
below as was the ease. 

The usual eompliments to the leeturer and ehairman eon- 
^luded an interesting meeting. 



ON THE DISTRIBUTION OF EARTHQUAKE 
MOTION WITHIN A SMALL AREA. 



By John Milne. 

[Read January a^th, 1889]. 

Anyone who has resided for some length of time in a distriet 
shaken by earthquakes ean hardly have failed in notieing that 
alnnost every observer of a shoek deseribes his sensations and 
experiences differently. One observer may deseribe a shoek 
as sharp and eoming from the north, while his neighbour will 
deelare that it was gentle and the movement was distinetly 
east and west. In another part of the same eity several 
observers will tell you that neither they nor their families felt 
any earthqaake whatever. On one oeeasion I remember a 
shoek whieh was sufficiently strong to eause a number of the 
members of a small elub situated on the east side of Tokio to 
seek refuge outside, while at several houses not more than 
three quartersof a mile distant, although careful enquiries were 
made, nobody eould be found who had felt the disturbanee. 

Another instanee of extremely loeal movement was given 
me by a gentleman who made enquiries from his friends as to 
whether they had felt a partieular earthquake. One eonelusion 
he arrived at was, that the movement had only been felt by 
people wlK)se houses were along a partieular line running 
through the eity of Tokio. Observations sueh as these, and 
of whieh very many might be quoted, have generally been 
regarded as attempls to test the eredulity of listeners, but the 
more notes I aeeumulated respeeting the distribution of earth- 
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quake motion the more I beeame inelined to the belief that 
earthquake motion has often been very mueh more loeal and 
peeuliariy distrrbuted than is generally supposed. 

My euriosity having been excited, in the summer of 1887 I 
determined by a rough series of tests to approximate1y deter- 
mine the extent to whieh different portions of the eity of Tokio 
were shaken in different earthquakes. To do this I distributed 
through the eity and its suburbs, 134 bundles of post eards. 
Eaeh eard whieh was addressed to myself, had upon it in 
English and in Japanese the following request : — ** If you or 
your neighbours feel an earlhquake, kindly post this eard, 
giving the daie and time of the shoek, and saying whelher it was 
short, longy a tremor or a jerk ; were you upstairs or down- 
stairs?" 

With eaeh bundle, in whieh there were 20 eards, there was a 
letter of more detailed instruetions. Many of these bundles 
were given to members of the Seismologieal Soeiety or to 
friends whom I knew took an interest in seismologieal 
investigation. For the distribution of the greater number of 
my bundles of eards I must thank my friend and eolleague 
Professor Sekiya, who look the trouble to write to a hun- 
dred or more sehoolmasters and olhers who had a scientific 
training asking them whether they were willing to under- 
take the trouble of filiing up eards when they experienced 
a disturbanee. To those who sent a favourable reply, bundles 
of eards were forwarded. I partieularly desire to lay stress on 
the method of distribution, so that it will be understood that 
the eards were not distributed haphazard but were given to 
persons who were edueated and who were willing and eapable 
of making the neeessary observations. The aeeompanying 
map (No. i), whieh shows a land area measuring six miles from 
East to West and five miles from Norlh to South, indieates by 
numbers the positions of the various observers. Those on 
the western and northern sides of the eity were moslly situated 
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on ground from 50 to 100 feet abov6 sea level, while ibose on 
the southern and eastern parts of the town were living on low 
flat ground wbieb is over-looked by tbe bluff-like terminations 
of tbe bigb ground. Tbis latter part of the eity is interseeted 
by many moats and eanals, and by one large nver. 

In a paper entilled "The Stone Age in Japan ; with Notes 
on Reeent Geologieal Gbanges wbieb have taken plaee/' pub- 
lished in tbe Journal of the Antbropologieal Institute, May, 
1881, I bave given four vertical seetions of borings in tbe low 
ground of Tokio, and a quantity of evidence sbowing that 
during reeent times at the head of Tokio bay, tbe land, partly 
by elevation and partly by silting basrapidly been eneroaebing 
on tbe sea. 

In a paper on '' Stone Implements and Prebistorie Remains 
in Japan,*' read before tbe Asiatie Soeiety of Japan, November 
iitb, 1879, evidence that ibe low ground of Tokio is of eom- 
paratively reeent origin is supplemented witb a map sbowing 
how sinee a.d. 1028 tbe eoast line bas progressed southwards. 

The following are a few examples of vertical seetions in 
dif!erent parts of Tokio whieb I bave taken from an aeeount 
of tbe geology of Tokio, kindly furnisbed to me by Mr. Y. 
Wada, Direetor of tbe Geologieal Survey. 

Thp position of some of tbese seetions are indleated on 
Map No. I by lelters eorresponding to ibe alpbabetieal order 
given witb tbe seetions. 

The deptbs given are in sbaku (i sbaku='994 ft.) and 
indieate tbe depth at wbieb any partigular layer terminates, 
reekoned from the surface. 

A. — ASUKAYAMA, OjI. B. — GONGEN, NeDZU. 

1. Loain 32.5 I. Loam 35 

2. eiay 37.5 rA linnlayerof piimiee^ 

3. Sand aiid shingle 2.<Sandy loam y8o 

with a few patehes CSand aiid sbiiigle...3 
of elay 102.5 3- C^y ^24 

4. Glay and sand willi 4. Sand and shingle ... 

fossils Iio 

5. Tuff willi fossils ... 1275 

6. Tuff, no fossils 
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C — OCHANO-MIDZU. 



1. Loain witli a lliiii 

layer of pnmiee ... 50 

2. eiay 55 

3. Sand aiid shiiigie... 95 

4. eiayey tuff lo 127.5 



D. — NlSHlKATAMAGHI, 

KOMAGOMB. 

1. Loani with tliin lay- 

er of puiniee 27.5 

2. eiay 32.5 

3. Saiid atid siiingle 

to65 



E, — HoHEIKOMiO. 

1. Loain wiih tliin iay- 

er of ptiiniee 37.5 

2. eiay 42.5 

3. SaiiH and sliiii|«le 

to62.5 



F.— Yakuo IN. 

1. Loam witli tliin lay- 

er of puiniee 

2. eiay 

3. Sand to 70 



52.5 
65 



G, — Kirishitan-saka, 

Koishikawa. 

1. Loain 70 

2. eiay 72.5 

3. Sand and shingle 

with a lilile elay 
lo 100 



H. — Rokutengho, 

KolSHIKAWA. 

1. Loam witli a hand 

of puiniee 47.5 

2. eiay 50 

3. Sand and shingle 

wilh elay 87^ 

4. eiay to 92 



/. — TOYOKAWA-MAGHI, J, — KaMI-TOM JSAKA-CHO, 

Takata. Koishikawa. 



1. Loain wiih a band 

of pniniee 62 5 

2. eiay 65 

3. Pebbles to 135 



1. loam 45 

2. eiay 54 

3. Pebbles to 107.5 ... 



K. — Akagi Temple. 

1. Loam with band of 

pinniee 60 

2. Sand and shingle... loo 



Z. — TsuKUDo, Ushigome. 

1. Loam wilh pumiee... 32.5 

2. eiay 35 

% Sand and shingle to 

57-5 



J/. — Atago, Shiba. 

1. Loani 30 

2. eiay 35 

3. Sand and shingle... 85 

4. eiay 90 

5. Tulf to iio 



A^. — Enokigho, Akasaka. 

1. Loam with elay 30 

2. eiay 37.5 

3. Sand and shingle 

witli elay 10 85 
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0. — MuKojrMA. 

1. Sand and earlh ... 3.05 8. Sand, earlh with 

2. DiUo, biit more oysters 26.41 

sandy 6.80 9. Sand and eaiih 28.60 

3. Dillo, with eoarse 10. Dilto willi day 40-31 

saiul 7.90 II. eiay with sand 49*17 

4. Goarse sand 11-97 ^2. Ditto, with eoarse 

5. Sand and pebbles 13.85 sand 57'I9 

6. Sand and oyster 13. Sand and elay 60.39 

shells 18. 13 14. Sand 61.59 

7. Ditlo, wilh pebbles 23.63 

P. — Nakusa, near Yeit.vibashi. 

1. eiay 5.50 5. Blue earth 16.77 

2. Goaisesand 7.75 6. Dilto, biit waiery ... 19-47 

3. Bliie sand, elayey... 9.35 7. Soft elay 43>02 

4. Ditto, with pebbles 14.88 8. Ditlo, biit haider ... 60.69 

BORB HOLE IN PUKAGAWA. 

Earlh 96 Goarse sand 234 

Shini^Ie I08 Shinj»le 246 

Earlh and sand 126 Sand 270 

Shingle 144 Blue elay 273 

Loam sand 153 Sand 384 

Bliie day 168 Bliie saiul 420 

Sand 180 Sand 430 

Shin|»lt; 222 Sand 546 

BI II e cl ay .*. 603 

Four borings near the old Naval College in Shiba, after from 
5 to 8 feet of soil, give up to a depth of 40 or 50 feet alternate 
layers of soft mud, elay, and sand. 

From ihese seetions \ve may eonelude ihat the hilly ground 
on the West and Northern side of Tokio whieh rises abruptly 
about 80 or 90 feet above ihe low ground, eonsists of about 40 
feet of friable loam, 2 or 3 feet of elay and say 40 feet of sand 
and shingle. Below this we meet with the hardened elay-like 
tiiff similar to that so well exposed near Yokohama. This tuff 
whieh may be looked upon as a soft roek, would therefore erop 
out near the base of the BIuffs. From this point the tuff dips 
down beneath the low ground, where it is covered with a thin 
layer of earth foIlowed by thieker beds of sand and mud ex- 
tending to a deplh of several hundred feet. 
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The roek benealh ihe low ground of Tokio, with ihe excep- 
tion of one or two plaees, as for instanee near Shinbashi, is 
covered wilh a layer of softer material than that whieh covers it 
on the hills, and this layer is about twiee the thiekness of that 
upon the hills. 

* 

On map No. i a natural seetion is given two ri in length 
«xtending from the high ground to the low ground, showing 
the relationship of the alluvium and roek to the surface eontour. 

Seventy-five observers were situated on high ground and 
fifty-nine on low groiind. In addition to the regular posleard 
observation, I oeeasionally received notes from friends espeer- 
ally interested in earthquakes, and the reeords from the Chiri- 
kioku (Imperial Meteorologieal Bureau) where there is a well 
equipped seismologieal observatory and several officers whose 
duty it is.to attend to the registralion of earthquakes. Another 
observatory on the high ground is that of Professor Sekiya. I 
also received oeeasional eommunieations from friends Iiving 
on the low ground and from Professor Sekiya's seeond observa- 
tory siluated at Hitotsubashi. Tlie total number of my eorre- 
l^pondents therefore amounted to nearly 150. 

Before proeeeding to the enumeration of the reeords whieh 
were obtained, whieh eommeneed on November i^th, 1887, 
and terminated in May 6th, 1888, it is neeessary to epitomize 
several important results respeeting ihe distribution of earth- 
quake motion obtained during previous years without whieh, 
to the majority of readers the reeords might in many instanees 
appear as a series of eontradietory observations. 

ObSKRYATIONS POSSIBLY ExPLANATORY 0F THK DlSTRIBUTION 

0F Earthquakk of Motion in Tokio. 

The iirst, and so far as I am aware the only, experiments 
having a definite relation to and possibly expIanatory of the 
observations made in Tokio are a series of experiments whieh 
extended over a period of two years, whieh I deseribed under 
the title of a Seismie Survey (Trans. Seis. Soe, VoI. X.p. i ^036.) 
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The object of ihese experiineiUs was to delermine on a pieee 
of ground about 900 feet in diameter, how far the motion of a 
given earlhquake reeorded upon one poriion of it differs 
from that reeorded upon olher porlions. The results obtained 
were exceedingly astonishing. On one side of ihe ground ihe 
motion might be quick and small, while on the other side, 
whieh was relatively soft, ihe moiion was slow and large. No 
two parls of the same area yielded identieal diagrams of the 
same dislurbanee, in fact they were at times so different that it 
appeared possible Ihat an indif!erent]y built house on one side of 
the area niight be shattered whilst on the other side a similar 
house might remain unhurt. The instrumenls employed were in 
every way similar and when plaeed side by side they yielded, 
either for aetual earlhquakes or for arlificial disturbanees, like 
results. These observations explained why diagrams of earlh- 
quake$ obtained by residents on the low ground near ihe eenlre 
of Tokyo were always larger ihan those oblained by persons like 
myseU siluated upon ihe high ground. Amongst ihe many 
other results yielded by these experiments it was shown 
that earthquakes wiih a long period, allhough the amplitude 
might be large, might pass aeross an area without attraet- 
ing the attenlion of persons unprovided wilh inslruments. A 
remarkable exaniple among many dislurbanees of this dis- 
eription whieh I havecalled slow earthquakes was one reeorded 
on Mareh 25th, 1884, whieh allhough it yielded a remarkably 
fine diagram, was not, so far as I ean learn, felt by any of the 
many people who resided near me — one or two persons, how- 
ever, observed that at the time of ihe d[sturbance lamps were 
swinging. Another result demonstrated by aetual measurement 
was, as might be antieipated, that the diagrams indiealing the 
longest period had been reeorded upon the softest ground, and 
we might lherefore eonelude that it would be upon ihe softest 
ground where people would have the greatest ehanee of being 
moved baek and forth without nolieing any motion. In moder- 
ately severe earthquakes, however, the range of motion was on 
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soft ground so mueh greater than it was upon hard ground» 
that so far as destructive motion (aeeeleration) was eoneemed 
this beeame more than it was upon hard ground. 

From this it might be argued that moderately severe earth- 
quakes passing aeross the whole of Tokio would be felt as 
mueh upon the soft low ground as they would upon the hard» 
dry ground. For very small earthquakes, however, still resting 
our argument upon results obtained from the Seismie surYey, 
this same law will not hold, beeause wilh smali earlhquakes it 
was sometimes found that the reeord for amplitude and ac- 
eeleration was less than that obtained upon hard ground, In 
these eases it appeared as if the soft ground absorbed the molion. 
This would lead to the eonelusion that small earthqaakes 
might not be felt upon the low soft ground of Tokio while 
they might be felt upon the high ground whieh is hard. 
Another observation whieh also bears upon the results to 
be deseribed in this paper is that ihe experiments made in 
the seismie survey distinetly showed that at any given station 
there was a relation between period and amplitude, the 
period inereasing very rapidly with the amplitude until the 
amplitude beeame large, after whieh the period eeased to in- 
erease or only inereased very slowly. On different kinds of 
ground it is probable that this relationship between period and 
amplilude will be different, and it is not unlikely that upon 
hard ground the eritieal point when period praetieally beeomes 
eonstant will be reaehed mueh more quickly than it is upon 
soft ground, but on soft ground the maximum period will have 
a far greater amplitude than will be experienced for th6 maxi- 
mum period on hard ground. Farther, although the maximum 
period in soft ground may be greater than the maximum 
period reaehed upon hard ground, the amplitude of motion 
in the soft ground will so far as destructive effect is eoneerned 
more than eounterbalanee the destructive ef!ect on hard ground 
where although the period is short the ampUtude of motion is 
more than eorrespondingly small. 
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In large earthquakes the destructive effect on soft ground 
may therefore be greater than it is on hard ground, whilst small 
earthquakes may not be reeorded on the soft ground. A 
somewhat similar series of results respeeting the relation of 
amplitude to period'are indieated in a paper on Seismie £x- 
periments (Trans. Seis. Soe, Vol. VIII., p. 1-82). 

In interpreting the observations made in Tokio, although we 
are all aware that when a moderately destructive shoek has 
oeeured in Yokohama it has always been the houses on the 
hills or hard ground whieh have most s^verely sufFered, it must 
be remembered that this is eontrary to general experience. At 
the time of the great Lisbon earthquake, the destruetion of 
Port Royal, the Ansei earthquake in Tokio, the earthquakes at 
Gassamieeiola, and in fact in nearly all great disturbanees the 
buildings on the low soft ground have almost invariably 8ufifer- 
ed most severely. 

A set of observations whieh have been of value in approx- 
imately determining the area over whieh a shoek of any 
magnitude has extended, are those made at the Meteorologieal 
Bureau (Ghirikioku). 

In 1881 I distributed bundles of fresh eards over the Nor- 

thern portion of the Japanese Empire mueh in the same way 

as post eards were distributed over Tokio. (** On 387 earth- 

quakes, observed during two years in North Japan, by John 

Milne.— Trans. Sei. Soe, VoI. VII., Part II., p. 1-87.") From 
the reeords received I was able to draw maps showing the area 
over whieh any given shoek had extended, and in this way 
to determine the portions of northern Japan whieh were most 
shaken. This work has now been undertaken by ihe Mete- 
orologieal Bureau in Tokio who have now more than 600 post 
eard stations distributed throughout the Empire. 

From these reeords, whieh the Direetor of the Observatory 
Mr. Arai Ikunosuke, has kindly plaeed at my disposal, I have 
in many instanees been able to state whether a shoek was only 
felt in Tokio or whether it was a shoek having a wide distribu- 
tion. The area over whieh a shoek has been felt is given in 
square ri (i square ri^ 5.95 square miles). With these pre- 
liminary observations I will now proeeed to an enumeration of 
Ihe reeords. 

D 
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Obseryations on Earthquakes 
Felt in different parts of Tokio in 1887-1888, the reeords being 

obtained from post-eards. 
I. — NoYEMBER 15TH, iSET;. 



No. 


LoCALITY. 


TlME. 


Intensity. 


DUKATION. 


• 

Remarrs. 


65 


Koiimaehi. 


4.5 p.m. 


feeble 


longr 


Upstairs. 


1x6 


I<6jiinachi. 


3-55 P-"i- 


very feeble 


— 


Gromid floor. 


109 


rsiiUiji, 
Fiench 
Legation . 


1 






Not feU. 


54 


Yotsuya ... 


3-55 pm. 


feeble 


aboiit im. 


Ground floor. 


6 


Kojimachi. 


?5.oo p.m. 


very feeble 


short 


Ground floor ; 
only felt hy two 
outof sixpersons 
presenl. 


4 


Akasaka... 


4.00 p.m. 


feeble 


lonp 


Groiiiid floor. 


108 


Azabu 


3.54.20 

p.m. 


feeble 


slow vib- 

rations for 

30S. 


Ground floor. 


3 


Azabu 

Hongo, 


3-55 P-m- 
3-52^28 


feeble 


35S. 


Giound floor. 




Sekiya ... 


p.m. 




• 






Hiloisuba- 


3.52.28 










shi,Sekiya 


p.m. 










Kokadai- 




amp .2mm. 




A long slow mo- 




eraku 








lion (Milne). 




ehirikioku. 


3.54-51 


amp .4mm. 


2m. 


Diredion E. 26^ 






p.m. 


periud 2.4 




30' s. 



This earthquake was not felt at Ch6oji, Takanawa, or in 
Shinagawa, or by any of the servants in the French Legation, 
No. 18, Tsuki]i. 

It was felt in lidamaehi, Kojimachi, also at No. 9, Torizaka, 
Azabu. 

This earthquake is one whieh estended over a large area of 
eountry (1,460 square rt) and therefore it might be expected 
that it ought to have been reeorded by the grealer number of 
observers living in Tokio. As a matter of fact it was only felt 
at 10 plaees, and these are all situated on the high ground 
on the western side of Tokio or along a north and south line 
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«itending from Shiba in the south to Yotsuya and Koishikawa 
in the north. It was also reeorded at three observalories. The 
probable expIanation for ihis eurious distribution of motlon 
that was sensible lies in the fact that the wave frequency (4 
waves in 10 see.) was small or the period of any given wave 
was long (nearly 2j seeonds). On the hard high ground, the 
period being a little quicker than on the soft low ground, it 
was only those living on the high ground who notieed the 
movement. 

2 AND 3.— -NOYEMBER 20TH. 



No. 


LOCALITY, 


TlMB. 


iNTKNSnY. 


DURATION. 


Rkmarks. 


123 


Azabu 


0.3 p.m. 






« 


28 


Pukugawa. 


0.6 p.m. 


prelty 
strong 


lOS. 


Ground floor. 


28 


Kanda ... 


0.3 p.ni. 


pretly 
strong 


30 4OS. 


Upstairs. 


44 


Puka^awa. 


o.i p.m. 


feeble 


im. 


Ground floor. 


45 


Kuka^awa. 


0.2 p.m. 




P 3m. 


Upstairs. 


86 


Honjo 


0.5.30 p.ni. 


feeble 


2S. 


Ground floor. 


84 


Honjo 


0.4 p.m. 


feeble 


2m. 


Ground floor. 


84 


Honjo 


0.4 p.m. 


feeble 


2S. 


Ground floor. 


35 


Honjo 


? 11.57 

a.m. 


feeble 


5«. 


Ground floor. 


41 


Honjo 


0.3 p.m. 


feeble 


20S. 


Groun d floor f rom 
north-east. 


46 


Honjo 


0.3 p.m. 


feeble 


very shorl 


Ground floor. 


78 


Honjo 


0.5 p.m. 


pretty 
strong 


5-6s. 


Ground floor. 


80 


Honjo 


11.50 a.m. 


feeble 


2m. 


Ground floor. 


87 


Asakusa... 


o.i . p.m. 


feebte 


30S. 


Ground floor. 


89 


Honjo 


0.2 p.m. 


pretty 
strong at 
first and 

feeble 
afterwards 


40S. 


Groundfloorfrom 
south-west. 


63 


Kyobashi.. 


0,5 p.m. 


feeble 


30S. 


Upstairs. 


75 


Asakusa... 


0.2 p.m. 


very feeble 


4s. 


Upstairs. 


76 


Asakusa... 


0.2-3 P'Ul' 


feeble 


i-2m. 


Ground floor from 
south-west. 


70 


Shitaya ... 


0.3 p.m. 


very strong 
at first and 


30S. 


Ground floor f rom 
souih-east to 


■ 






feeble at 
tlie end 




north-west. 
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No. 


LocALiTy. 


Tiui. 


Intinsity. 


DURATION. 


Remarkb. 


70 


Shitaya ... 


0.2.30 p.m. 


very strong 


I5S. 


Ground f!oor from 




• 






Ht first and 




north-west. 










ending 














feeble 






70 


Shitaya ... 


0.5 


p.m. 


very feeble 


im. 


Ground floor. 


72 


Shitaya ... 


0.4 


p.m. 


pretty 
strong 


40S. 


Ground floor. 


72 


Shitaya ... 


0.2 


p.m. 


feeble 


40S. 


Ground floor. 


52 


Shitaya ... 


03 


p.m. 


pretty 
strong 


about 30S. 


Ground floor. 


58 


Hongo ... 


0.0 


p.m. 


pretty 
strong 


about 3m. 


Ground floor. 


92 


Kanda ... 


0.8-9 


p.ni. 


pretty 
strong 


about im. 


Upstairs. 


104 


Kanda 


03 


p.m. 


tremor 


im. 


Downstairs. 


64 


Koishi- 
kawa 


0-5 


p.m. 


strong at 
first 


about 20S. 


Ground floor. 


64 


Koishi- 
kawa 


0.2.1 


p.m. 


strong 


short 35. 


Ground floor froin 
norlh-south. 


68 


Koishi- 
kawa 


0.5 


p.m. 


pretty 
strong 


55- 


Ground floor f rom 
north-east. 


33 


Kanda ... 


0.2 


p.m. 


very feeble 


5s. 


Upstairs. 


35 


Hon]o 


0'3 


p.m. 


slow 


30S. 


Ground floor on 
hill at Omoru 
But the same 
was the ease at 

No. 35. 


36 


Kanda ... 


0.3 


p.m. 


pretly 
strong 


lOS. 


Upstairs. 


42 


Kanda ... 


0-4-35 P-«^- 


strong 


20S. 


Downslairs from 














north-west. 


67 


Kanda •... 

« 


0.0 


p.m. 


feeble at 

first then 

strong 

lastly 

feeble 


5ni. 30S. 


Upstairs from 
south-east to 
north-west. 


67 


Koishi- 
kawa 


0-3 


p.m. 


very feeble 


ibout los. 


Ground floor. 


31 


Nihon- 
basiti 


0.2 


p.m. 


prelty 
stiong 




Ground floor. 


82 


Nihon- 
bashi 


0.3 


p.m. 


a jei k 




Upstairs. 


27 


Kyobashi.. 


0.3 


p.m. 


fceble 


about6s. 


Ground floor. 


106 


Kyobashi.. 


1.6 


p.m. 


jerky 


25 or 30 
seeonds 


Downstairs from 
E. to W. 


"3 


Kyobashi,. 


0.3 


p.m. 


short and 


about 25. 




1 






yiolent 






124 


Kyobashi.. 


0.3 


p.m. 


tremor 


about 30S. 


Upstairs. 
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No. 


LoeAtlTY. 


TlMX, 


Intbnsity. 


DURATION. 


Rkmarks. 


18 


Kojimachi. 


0.7 p.m. 


feeble 


about 40S. 


Ground floor. 


37 


Kojiniachi 


0.5 p.m. 




im. 


Ground floor. 


III 


K6jimachi. 


0.4 p.m. 








54 


Ushigome. 


0.0 — 


pretty 


about im. 


Ground floor on 








strong 


3s. 


low marshy 
plaee. 


55 


Nihon- 


0.9 p.m. 


prelty 


about im. 


Ground floorfrom 




bashi 




strong 




souih. 


54 


Yotsuya ... 


0.0 — 


strong 


im. 5s. 


Ground fioor. 


54 


Yotsuya ... 


9.40 p.m. 


vcry feeble 


im. 


Peeble shoek 
again at 9.40 
p.m.on thesame 
day. 


95 


Yotsiiya ... 


0.2 p.m. 


reeble 


3s. 


Felt while walk- 












ing iii garden. 


99 


Yotsuya ... 


0.1.30 p.m. 


prelty 
strong 


im. 2-35. 


Ground floor. 


4 


Akasaka ... 


0.2.31 p.m. 


pretty 

. strong 

first and 

ending 

feebly 


40S. 


From south to 
north ground 
floor. 


4 


Akasaka ... 


9-55 pni 


very feeble 


slow 


Prom south-north 
giound floor. 


6 


Akasaka... 


11.48 a.m. 


feeble 


2S. 


Fiom sotith-north 
ground floor. 


6 


Akasaka ... 


0.0 p.m. 


pretly 

strong at 

first 


2m. 


Fiom souili-north 
ground floor. 


25 


Akasaka ... 


0.3 p.m. 


feeble 


3^- 


From south-t>orth 
ground floor. 


I 


Azabu 


0.23 p.m. 


prelty 

strong at 

first 


im. 


From south-north 
ground floor. 


2 


Azabu 


0.3 p.m. 


very feeble 


about 30S. 


From south-north 
gruund floor. 


3 


Azabu 


0.2.20 p.m. 


pretty 
strong 


305- 


Fioin soiilh-north 
ground floor. 


5 


Azabu 


0.30 p.m 


pretty 
slrong 


2m. 30S. 


From soiith-iiorth 
groiind floor. 


II 


Azabu 


0.3 p.m. 


feeble 


im. 


Froin soiilh-north 
ground floor. 


12 


Azabu 


o.i p.m. 


pretty 

strong at 

first 


ims. 30S. 


From south north 
ground floor. 


18 


Azabu 


0.2-3 P*"'* 


feeble 


3S-36s. 


Downstairs from 
soulh. 


108 


Shiba 


0.3 p.m. 


sliarp jerk 


about los. 


Ground floor. 
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No. 


LueALITY. 


TlUB. 


Intbnsiiy. 

• 


DURATIUN. 


RSMARKS. 


8 


Siiiba 


0.2 p.m. 


prelty 
stron)j^ 


20S. 




8 


Shiba ...... 


o.i p.m. 


prelty 
sliong 


30S. 


Upstairs. 


47 


Sliiba 


0.4 p.m. 


pretly 
strong 


70S. 


Groundfloorfrom 
N.E. • 


114 


Shiba 

Hon^ro 
(Sekiya).. 


0.5 p.m. 
0.02.31 


very feeble 


los. 


Ground floor. 




HiloUn- 


0.02.31 










bashi 








1 




(Sekiya).. 












Kokadai- 




.2 mm. 




Motion c1iiefly E. 




j»akii 




■ 




and W. 




Ghirikioku 


0.02.31 p. 
9.45.00 p. 


amp .2 
peiiod .5 


45^. 


Direeiion N. 17° 
E, 
Very slight. 




Yokohama 


at noon 









122. — At 12.2-3.0 p.m. in the Efigjish Ghureh at ligura, 
two or lliree slight waves followed by three or four niore de- 
eided motions were felt. There was no jerk. The duralion 
was about 8 or 10 seeonds. The movcment was similar at 
Ch6oji, Takanawa. 

loi. — At 12.3.0 p.m., a very slight disturbanee of extremely 
short duration was felt, the observer being downstairs 
(Bamba-eho, Shinagawa). 

105. — At 12.2.0 in the English Ghureh at ligura, a short 
sharp shoek lasting about 20 see. 

108. — At 12.3.0 p.m., a sharp shoek — a jerk. Duration 10 
see. The observer on the ground floor, Azabu. 

115. — About noon. A tremor of short duralion felt down- 
stairs. Things shook eonsiderably and glass and eioekery 
rattled. No. i, Tsukiji. Kiobashi. 

116. — At 12.5.0 p.m. A tremor lasting losee. felt while on 
the verandah downstairs. Kojimachi. 

117. — At 12.3.0. A sharp shoek felt downstairs. 

5. — At 12.4.0 p.m. A horizontal slight shoek. Movement 
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E.-W. Duration im. 30S. It was aeeompanied by a noise 

from ihe E. The observer downstairs. Akasaka. 

• 

107. — At 1 1.57.0 a.m. Apparently impereeptible to one 
standing, but felt distinetly while sitting on mats downstairs. 
Tangomaghi, Akasaka. 

107. — At 12.2.0 p.m. A feeble earthquake lasting about 55. 
was felt while downstairs. Many people did not feel it. No. 
22, Shinmeieho, Shiba. 

iio. — At 12.5.0 p.m. A short tremor-like disturbanee. 
(Duteh Legation, Shiba.) 

The earthquake at 0.2.31 p.m. is one whieh notonly extended 
over a large area (1,360 square ri) but the period of move- 
ment appears to have been short. It is therefore natural that 
it should have been felt throughout Tokio. 

As the shoek at 9.45.0 p.m. was only felt at two plaees on 
the west side of Tokio and at the Ghirikioku, it was probably 
of loeal origin and in no way eonneeted with the disturbanee 
at midday. Its area is giveri as 670 square r/. 







4. — N0VEMBER 


23RD. 




No. 


LeOALITY. 


Tmr. 


I.STINSITY. 


DURATIOM. 


RlMARKS. 


55 


Ushigome. 


6 p.m. 


feeble 


about 25. 


Downstairs. 


117 


Azabii 


6 p.m 


feeble 




Downstairs felt 2 
sliglil shoeks. 


4 


Akasaka... 


6.10 p.m. 


feeble 


about los. 


Downslairs. 


117 


K6jiinachi. 


5.59 or 6 
p.m. 


sliglit 
Iremor 




Downstairs. 


q6 


Minami 


6.5 p.m. 


feeble 




• 




Toshima.. 










ChirikioU\i 


6.05.00 p. 




Very slight. 



The ehirikioku maps only show that Tokio was shaken. 

We have here another example of a shoek only felt on the 
high ground upon the W. and N.W. side of Tokio, in Akasaka, 
Azabu, and Kojimachi. On the N.E. side of Tokio it seems 
too feeble even to have been reeorded by instruments. It was 
not felt in distriets surrounding Tokio. 
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5. — NOYEMBER 26TH. 



No. 


L0CAL1TY. 


TlMB. 


Intbnsity. 


DURATION. 


• 

Reharks. 


10 


Yotsiiya ... 
Yokohama 


5.6 a.ni. 
4 a.m. 






N.E.-S.W. 


6. — N0VEMBER 27TH. 


2 


Azabu 


2. II p.m. 


gentle 
tremor 


5'"- 


Downstairs. 



Kobudaigaku — On eaeh of two statie seismographs an indi- 
eation of .1 mm. 

■ 7. — NOYEMBER 30TH. 



84 


Honjo 


9-25 


a.m. 


feeble 


about 4s. 


Downstairs. 


127 


Kyobashi .. 


9.26 


a.m. 


very feeble 




Upstairs. 


49 


Ubhigome . 


9-22^ 


a.m. 


feeble 


about 30S. 


Upslairs. 


41 


Minami- 
Katsu- 
shika 


9-25 


a.m. 


feeble 


about 30S. 


Downstairs north 
to soutli. 


87 


Honjo 


9-25 


a.m. 






Downstairs 
sehool. 


85 


Minami- 
Katsu- 
shika 


9.40 


a.m. 


feeble 


about I 
see. 




25 


Shitaya ... 


9-30 


a.m. 


prelly 
strong 


about I 
minute 


Downstairs. 


100 


Hongp 


9.28 


a.m. 


slight 
tiemor 




Downstairs. 


60 


Kita- 
Tobhima.. 


9.24 


a.m. 


feeble 


5 see. 


Downstaiis 
sehool. 


125 


Koishi- 
kawa 


9.24 


a.m. 


series of 

short 

slioeks 


30 see. 




131 


Kanda 


9.30-] 


10 
a.m. 


pretty 
strong 




Downstairs. 


31 


Nihon- 
bashi 


9-25 


a.m. 


feeble 


40 see. 


This feltatTaka- 
radaSehool Kyo- 
bashi upstairs. 


31 


Nihon- 
bashi 


9-15 


a.m. 


feeble 




Dowiistairs. 


1x6 


English 

r.egaiion, 

Kojimachi. 


9.21 


a.m. 


long 
treinor 




Downstairs. 


4 


.'\Uasaka ... 


925 


a.m. 


feeble 


30 see. 


Downstairs 
south-north. 


112 


Shiba 


925 


a.m. 


feeble 


* 
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No. 


LoeALITY. 


TlMK. 


Intin«ity. 


DURATION. 


Rbmarks. 


114 


Shiba 


9.28 a.m. 


very feeble 








9.24.18 


7 or 8 see. 


New form of pen- 






a.m. 






dulum maehine 
felt al J. M. C. 
observalory. 




Hongo 












(Sekiya).. 


9.24.18 










Hitotsu- 












bashi 


9.24.18 










Ghirikioku 


9.24.18 a. 


amp 1.3 
period 1.2 


im. 30S. 


S.S.E.-N.N.W. 




Yokohama 


9.23.0 a. 






N.E..S.W.sIight. 



127. — No. 33, Tsukiji, at 9.26 a.m., a slight shoek, hardly 
pereeptible- 

122. — Shiba,Ch6oji,9.2 5 a.m.,aIong, slow,slightearthquake, 
but as there was mueh wind it is not absolutely eertain that it 
was an earthquake. 

1 10. — Shiba, Kiridoshi, a long tremor, not very strong. There 
was mueh wind. 

Kobudaigakko, Toranomon — Saw ihe tremor maehine work- 
idg vioIentIy but eould not feel any motion, amplitude .3 mm. 

131. — Surugadai, Suzukicho — Felt at 9.30 by a servant 
downstairs. It was a long tremor without ]erk. 

125. — The University, Hongo, at 9.24 a.m. a series of short 
shoeks were felt while in a wooden out-building. 

At No. 6, Kaga Yashiki, it was felt. 

Miogadani not observed. 

132. — Masagoeho, Hongo, at 9.27 a.m. a tremor lasting i^ 
minute. High Normal Sehool, felt upstairs in large briek build- 
iDg, but not felt upstairs in a wooden building. 

Although this shoek disturbed a large area (1,710 square 
ri), in Tokio it was only praetieally felt along a north and 
south line slightly to the west of the eentral part of the eity 
estending from Shiba on the south to Koishikawa on the north. 
The length of the period, 1.2 see, would explain why it was 
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urlnotieed upon the fiat ground, but tt does not explain why it 
was not felt upon the high ground towards the west. There 
were 6 waves in lo seeonds. 

8. — DeGEMBBR 3RD. 



This shoek, whieh was not felt in distriets outside Tokio, is 
remarkable for the small area over whieh it was felt within the 
eity itself, only being reeorded at three neighbouring stalions 
in Azabu. The reeord from Fukagawa is eiiher a mistake or 
refers to another disturbanee. 

lo. — Degember 6th. 



55 



123 
95 

III 

108 



Usbigome . 



Azabu 

Minamt 
Toshima.. 
Kojinuicl»i. 
Azabu 



3.23 p.m. 


sudden 
shoek 
prelly 
slronj( 


about 4 01 
5s. 


Downslaiis. 


3.24 p.m. 


feeble 






3.26 p.m. 


very feeblt 


r see. 


Downstairs. 


3.18 p.m. 
3.24 p.m. 


feeble 


15 see. 





No. 


LOGALITY. 


TlME. 


IntbN'51ty. 


DURATIO.M. 


Rkmarks. 


34 


Kanda 


4.50 


p.m. 


feeble 


4minutes 


Downstairs. 


45 


Pukagawa. 


5 


a.m. 


tremor 


2 seeonds 


Upstairs. 




9. — Dkgemeer 


3RD. 


45 


Pukagawa. 


6.23 


a.m. 


feeble 


1 
2 seeonds Upstairs (Time 

doublful). 


3 


Azabu 


0.58 


a.m. 


sudden 


very shorl Downstairs. 










shoek 










0.58 


a.m 










K6jimachi. 


0.58 


a.m. 


feeble 


4seconds Upstairs maehine 
indiealed 2 mm. 




eiiirikioku 


0-57- 


16 p. 




I^see. Very slight 15 














mm. 




Uniyersity 








JEarlhquake re- 




Observa- 










eorded 




lory 














7 Nagata- 


0.58 




very sliglil 




S.W. and N.E. 




eho 










very slighl oseil- 
lation ot lamps. 
















Kobudai- 






.2 mm. 




Felt upstairs vefy 




gakko ... 










sliji»lit. 
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No. 


LOeALHY. 


TlMI. 


INTBNSITY. 


DURATION. 


RSMARKS. 


3 


Azabii 


3.23 p.m. 


feeble 




Downstairs Lon- 
gitude 139° 44' 

30" E. 35° 39' 
17" N. 


45 Fukapa\v«. 


1.49 a.m. 


feeble 




Downslairs. 


45 Fiikag;i\va. 


4.31 a.m. 


feeble 


|l)ownstairs. 


54 Yotsuya ... 


3-25 


pretty 


4 minutes Qownstairs. 








slrong 







108. — Azabu, at 3.24 p.m., quick, slight vibrations lasting 
15 see. The iirst shoek was the most severe. 

Kobudaigakko — ^^Shoek felt. 

We have here an example of another shoek only felt on ihe 
western part of Tokio, and although two observers report it as 
being pretty strong, it does not appear to have affected the 
instruments at the observatory in the eentre of the eity or 
those in the north-east. 

II. — DeGEMBER 7TH. 



Hongo 
(Sekiya).. 



at night 



slight 



12. — Degemeer Sth. 



3 


Azabu 


8.2 


p.m. 


liitle 
tremor 




Downstairs. 


123 Aznhi» 


8.2 


p.m. 


feel>le 






lo8'Azabii 


8 


p.m. 


feeb!e 


4or5sec.' 


ll8Azabu 


8.8- 


p.m. 


feel>le 


2 see. 


Ground floor. 


5 Azabu 


8.2 


p.m. 


very feeble 


30 see. 


Ground floor. 


4 


Akasaka .. 


8 


p.m. 


feeble 


I or 2 see. 


Downstairs. 


4 


Akasaka .. 


8.2 


p.m. 


prelty 
strnng 


10 see. 


Downstairs. 


19 Yotsuya ... 


8 


p.m. 


feeble 




Downstairs. 


54!Yotsnya ... 


7.40 


p.m. 


strong 


I minute 


Downstairs. 


54Yotsuya ... 


7.50 


p.m. 


strong 


Im.^osee. 


Downstairs. 


54Yoisuya ... 


915 


p.m. 


feeble 


4 see. 


Downstaiis. 


90 


Yebara ... 


8.1 


p.m.- 


pretiy 
strong 


about im. 


Downstairs west- 
north to east- 
south. 


55 


Ushigome . 


8 


p.m. 


prelly 
strong 


5 see. 


Downstairs. 


54 


Yotsuya ... 


7-30 


p.m. 


strong 


I minute 


Downstaiis. 
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No. 


LOGALITY. 


TlHK. 


Intensity. 


DURATION. 


Rkmarks. 


129 


Kanda 


8.2 . p.m. 


sliort 
tremor 




DowMstairs. 


49 
49 


Ushigome . 
Uslii^ome . 


8.1.49 p.m. 
8.2.20 p.m. 


feeble 
pretty 


15 sec. 
38 see. 


Downstairs. 
Downstairs. 


41 


Minami- 
Katsu- 
siiika 


8.3 p.m. 


strong 
feeble 


30 see. 


Downstairs 
nortli-west. 


100 


Hongo 


8 p.m. 


feeble 




Downslairs. 


104 


Kyobaslii .. 


8 p.m. 


sharp 
'shoek 






123 


Azabii 

Hongo 

(Sekiya).. 
Hltotsu- 

basbi 


8.40 p.m. 
8.02 p. 

8.02 p. 


feeble 








OiiriUioku 


8.02.00 p. 


amp .4 
period .5 


50 see. 


S.W.-N.E. 



104. — Hongo, F. W. Strange. Although the observer was 
writing at a desk in a quiet room at 8 p.m. no shoek was felt, 
neither did 10 other people in the house feel it. In Tsukiji 
it was quite sharp and also in Azabu. 

132. — Hongo, Masagoeho, at 8.3 p.m. a tremor lasting 25 
see. was felt while downstairs. 

131. — Surugadai, Suzukicho, while upstairs moderate vibra- 
tions lasting 10 see. werefelt. Very small vibralions preeeded 
for about 30 seeonds the stronger movements. No ]erk. 

Kobudaigakko — Movement short and gentle. 

122. — Takanawa, Chooji, at 5 p.m. a very slight trembling, 
lasting a few seeonds. A minute later a more deeided motion 
also lasting a few seeonds. 

iio. — Shiba Kiridoshi, 8,2 p.m. a short, sharp jerk. Lamps 
moved. 

This earthquake was only felt in the west and norlh parts of 
the eity, being strongest in ihe western and iiorth-western parts 
of this area. 

The 8 p.m. shoek was only felt at Asawa a few miles N.£. 
from Tokio. 
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13- 


Degbmber 


IITH. 




No. 


L0CALITY. 


TlMB. 


Intbnsity. 


DURATION. 


Reuarks. 




Hitotsu- 

bashi 

Ghirikioku 


9-5547 
9-55-47 P- 






Very slighl. 



14 AND 15. — DeGEMBER I4TH. 



Ghirikioku 



11.55.12 a 



10.55.09 p. 



Hongo 

(Sekiya).. 
Hitotsu- 

baslii , 



11.55.12 a 
Il.55.i2a 



amp .2 

period 2.3 



ainp 
period 



.3 
.2 



2m. 125. 



2m. 30S. 



S.-N. It is elear 
that this was not 
feU on accountof 
the long period. 
It is a good ex- 
ample of a slow 
earlhquake. 

S.S.E.-N.N.W. 
It is elear that 
this was not felt 
on aeeonnt of the 
longperiod. It is 
a good example 
of a slow earlh- 
quake. 



The shoek at 11. 55. 12 (or 12.40 at C.) aeeording to the 
ehirikioku maps, was only felt at Kamakura. 

16. — Degember i6th. 



96 


Minami- 
Toshima ... 


8.30 


a.m. 


pretty 
strong 






59 


Nihon- 
bashi 


8.30 


a.m. 


prelty 
strong 


about im. 


Upstairs. 


75 


Asakusa ... 


8.32 


a.m. 


pretty 
strong 


5 seeonds 


Dowhslairs. 


69 


Koishi- 
kawa 


8.30 


a.m. 


pretty 
strong 




To north - east 
from sonth-west. 


94 


Kita- 
Toshima ... 


8.30 


a.m. 


feeble 


30 scc. 


Downstairs. 


45 


Pukagawa. 


8.28 


a.m. 


feeble 


I minute 


Upstairs. 


119 


K6jimachi, 

German 

Legation... 


8.30 


a.m. 




30 see. 


Downstairs. 
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No 


LOGALITY. 


TlllK. 


Intknsity. 


DURATION. 


ReMARRB. 


ii6 


Kojima- 
elii, Bri- 
tish Lega- 


8.30 


a.m. 


tremor and 
jerk 




Downstairs. 




tion..» 


8.25 


a.m. 


pretty 


im. los. 




13 


Azabu 


Upslairs. 










strong 






22 


Shiba 


8.39 


a.m. 


pretly 
strong 


38 see. 


Downstairs (time 
is uneertain). 




Hon]o 


8.15 


a.m. 


prelty 
strong 


2 see. 


Downstairs. 


3 


Azabu 


8.28 


a.m. 


pretly 
strong 




Downstairs. 


31 


Nihon- 
bashi 


8.25 


a.m. 


prelty 
strong 


30 see. 


Downstairs. 


34 


Kanda 


8.35 


a.m. 


prelly 
strong 


3m. 27S. 


Downstairs. 


53 


Ushigome . 


8.40 


a.m. 


prelty 
strong 


2m. 


Downstairs. 


107 


Shiba 


8.20 


a.m. 


strong 
tremor 




Glass doors rat- 
tled sharply. 


129 


Kanda 


8.28 


a.m. 


long jerk 




Upstairs and 
downstairs. 


121 


Shiba 


8.31 


a.m. 


sharp 
shoek 




Downstairs. 


76 


Kyobashi.. 


8.34 


a.m. 


strong 


I minute 


Upstairs, south 
froni north. 


83 


Honjo 


8.36 


a.m. 


strong 


20 see. 


Downslairs. 


»4 


Azabu 


8.31 


a.m. 


strong 


40 see. 


Downstairs. 


III 


Kdjimachi 


8.28 


a.m. 








51 


Yotsuya ... 


8.35 


a.m. 


strong 


5 seeond 


Downstairs. 


93 


Sluiaya ... 


8.30 


a.m. 


feeble 


im. 5s. 


Downstairs. 


5 


Kanda 


8.28 


a.m. 


strong 




Downstairs. 


106 


Kyobashi.. 


8.30 


a.m. 


tremor 


20 see. 


Upstairs. 


104 


Hongo 


8.30 


a.m. 


tremor 

1 


2 minutes 


Diiration deter* 
minedbymotion 
of water in a 
vessel» andnoise 
fiom windows. 


54 


Yotsuya ... 


8.25 


a.m. 


strong 


2minutes 


Downstairs. 


67 


Hongo 


8.50 


a.m. 


strong 


3 minuteb 


Downstairs. 


"5 


Koishi- 
kawa 


9.27 


a.m. 


ritrong and 
ierky 


short 


Upstairs. 


59 


Hongo ... 


8.30 


a.r.i. 




I minute 


Downstairs. 


117 


Nihon- 
bashi 






strong jerU 


'30 see. 




131 


Surugadai. 


8.30 


a.m. 


strong, no 
jerk 




Upstairs. 

9 


123 


Azabu 


8.25 


a.m. 


strong 
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No. 


LOCAHTY. 


TlMB. 


I.NTSNSITY. 


DURAnO.M. 


R1MARK8. 


47 


Shiba 


8.27 


a.m. 


strong 


I minute 


Downstairs twiee 
sliook. 


ZOI 


Shinagawa 


8.30 


a.m. 


short and 
jerky 


10 see. 


Downstairs W.S. 
W. to E.N.E. 


132 


Honj(o ... 


8.32 


a.m. 


tremor 


I minute 


Upstairs in briek 
building. 


85 Minami 


8.30 


a.m. 


slrong 


2 see. Duwnstairs, from 




Kalsu- 










west-south (?) 




sliika 












107 Koiimaelii. 


8.25 


a.m. 


long ai>d 




Downstairs. 










with a jerk 






46 


Minami 
Kalsu- 
shika 


8.30 


a.m. 


stiong 


20 see. 


Downstaiis. 


10 Yotsuya ... 


8.28 


a.m. 


strong 


30 see. 


Downstairs. 


54 Yotsuya ... 


8.40 


a.m. 


strong 


im. 30S. 


Downstaiis froni 














south-east (?) 


II Akasaka .. 


8.30 


a.m. 


strone 


15 see. 


Downstairs from 










C3 




E.E.N. (P) 


36 Kanda ... 


8.27 


a.m. 


strong 


I miniite 


Upstairs hom E. 


72!Kila 


8.28 


a.m. 


sliong 


2 minutes Downstairs. 


Toshima.. 












II5Tsukiji 


8.35 


a.m. 


short, sud 




Downstairs. 










den, stronp 
jei k 






4 Akasaka... 


8.29 


a.m. 


slrong 


I miniite 


Downstairs. 


35Honjo...... 


8.34 


a.m. 


slron^^ 


2s. or 3s. Downstaiis. 


55 K6jimac!n. 


8.30 


a.m. 


stronjj 


I minule Downstaiis. 


55 Kyobasln.. 


8.20 


a.m. 


strong 


3 minules Downstaiis from 












east-south (?) 


90 Yotsuya ... 


8.25 


a.m. 




I minute 




12 Azabu 


8.25 


a.m. 


feeble 


30 see. 


Downstairs. 


28 Pukagawa. 


8.29 


a.m. 


stroiig 


I minute 


Downstairs from 














wesl to east. 


25 Akasaka... 


8.28 


a.m. 


slrong 


I minute 


Downstairs. 


41 


Minami- 
Kalsu- 
shika 


8^30 


a.m. 


strong 


I minute 


Downstairs from 
north. 


114 


Shiba 


8.35 


a.m. 


stiong 


6s. or 75. 




133 


Kojimaclii, 
Nakani- 
baneho ... 


8.27 


a.m. 


a long 
shoek 


4 see. 


Upstaiis. 


95 


Minami- 
Toshima.. 


8.20 


a.m. 


strong 


10 see. 


Downstairs fiom 
E.N.E. 10 W.S. 
S. 






8.29 


a.m. 




10 see. 




Hongo, 














Sekiya ... 


8.29 


a.m. 
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No. 



LOGALITY, 



Hitotsu- 

bashi 

GhiriUioku 



Yokohama 



TlME. 



8.29 a.m, 
8.28.21 

a.m. 



8.30 a.m, 



Intbnsity. 



DURAT10.N. 



atnp 2.5: 2 see. 
period 1.51 



10 see. 



RlMARKS. 



W.N.W.-E.S.E. 
vertical motion. 
amp. .3 
period .4 

N.W.-S.E. 



Kojimachi, British Legation — In a briek bungalow down- 
stairs at 8.29 a.m. there was a horizontal motion, slow and 
without jerks, eommeneing lightly and gradually inereasing in 
intensity — the rapidity of oseillations inereasing as the distur- 
banee went on. Direetion E.N.E. to W. by S. This shoek was 
typieal of shoeks so often felt in Tokio. 

129. — Surugadai, at 8.23 a.m. a severe shoek — a long ]erk. 
Bells rang. Felt upstairs and downstairs. 

121. — Shiba, Sannai — A sharp short shoek at 8.31 a.m. 

iio. — Shiba, Kiridoshi — At 8.25, a sharp shoek as if from 
below, followed by long strong tremors. 

117. — lidamaehi, Kojimachi, at 8.30 a.m. aheavy blustering 
shoek. The noise was remarkable, sounding like the moving 
of furniture overhead. 

122. — Takanawa, Ch6oji, at 8.30 a.m. rather strong shoek 
lasting 30 see. No jerk, but the bells rang. Downstairs. 

Koishikawa Riding Sehool, a strong ]erk. 

118. — Azabu, 8.30 a.m. a long strong shake. 

126. — The University, Hongo, 8.25 a.m., a short shake and 
then a longer one. Sensible for 30 see. 

106. — ^Tsukiji, No. 32, at 8.30 while upstairs ashoek foIlow- 
ed by a tremor lasting 20 or 30 see. 

109. — Tsukiji, French Legation, a shoek tolerably strong and 
long. Felt upstairs. 

This shoek whieh was felt over a large area (2,260 square 
ri) although its period was fairly long, was felt throughout 
Tokio and apparently with equal intensity in diderent parts of 
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the eity but by rather more observers on high ground. There 
were 8 waves in 10 seeonds. 

17, 18, AND 19. — Degembkr 17TH. 



No. 


L0CALITY. 


Tn 


MB. 


Intbnsity. 


DORATION. 


Rbmarks. 


95 


Asakiisa ... 


6.23 


a.m. 


feeble 


35. 


Downstairs. 


123 


Azabu 


0.15 


a.m. 


feeble 






130 


Kyobaslii.. 


6.32 


a.m. 


two short 
jerks 


15 scc. 


Upstairs. 


94 


Kita- 
Tosluma.. 


5 


a.m. 


leeble 




Downstairs. 


3 


Azabu 


11.44 


a.m. 


pretty 




Down'stairs. 


107 


Sbiba 


6.20 


a.m. 


strong 
Irenior 




Downstairs. 


12 


Azabu 


6.18 


a.m. 


feeb!e 




Downstairs. 


114 


Siiiba 


6 


a.m. 


feeble 


4s. or 5s. 




114 


Shiba 


11.30 p.m. 








125 




6.17 


a.m. 


tremor 


short 


Upstairs. 


72 


Shitaya .... 


0.17 


a.m. 


feeble 


30S. 


Downslairs. 


III 


K6jimachi. 


6.18 


a.m. 








122 


Sliiba, 


0.7 


a.m. 


ierk 




Downstairs. 


4 


Cliooji 

Akasaka... 


0.17 


a.m. 


feeble 




Downstairs, di- 
reelion of north- 
south. 


4 


Akasaka... 


6.17.30 


teeble 


15. 


Downstairs, di- 








a.m. 






reetion of north- 
soulh. 


SShiba 


0.19 


a.m. 


feeb!e 


145. 


Upstairs, froin 














east - south to 














north-west. 


28 Pukai^awa. 


0.17 


a.m. 


feeble 


7S. or 8s. 


Downstairs. 


31 


Nihon- 
bashi 


0.17 


a.m. 


feeble 




Downstairs. 


31 


Nihon- 
bashi 


6.16 


a.m. 


feeble 




Downstairs. 


3 


Azabir 


0.20 


a.m. 


feeble 




Downstairs. 


45 


Pukagawa. 


0.17 


a.m. 


feeble 




Downstairs. 


129 


Kaiida 


0.19 


a.m. 








129 


Kanda 


6.19 


a.m. 








4Akasaka... 


11.47 


p.m. 


jerk 


about20. 


Downstairs. 


121 


Shiba 


11.42 


p.m. 


•ihort sharp 
shoek 


2S. 






Kdjimachi. 


0.20 
0.17 
6.15 


a.m. 
a.m. 
a.m. 


sliglit 
shoek 


255. 
IS. 




133 


K6jimachi. 


O.IO 


a.m. 


long shoek 


5s. 


Upstairs. 

E 
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NO. LrOALITY. 


TlMI. 


Intknsity. 


DURATION. 


Rkmarks. 


i33K6jimachi. 


11.45 P-"^* 


sliglit 
slioek 


4s. 


Upstairs. 


i32Honj»o 


11.47 p.m. 


iremor 






95Mijianii- • 


11.38 p.m. 


prelly 


3^' 


Downstairs. 


TosKiina.. 




slronjj 






75Asakusa ... 


11.40 p.m. 


feeble 


s**. 


Downslairs. 


111 


11.30 p.m 


prelly 
feebie 


4s. or 55. 




l32Hon^ro 


5.30 a.m. 


jerk 






22Sliiba 


11.50 p.m. 


feeble 


2S. 


Downstairs. 


72Sliitaya .... 


11.43 p.m. 


feeble 


55. or 6s. 


Downstairs. 


llAzabu 


0.5 a.m. 


short, pret- 










ty strong 




Downstairs. 


3iYotsuya ... 


g.15 a.m. 


iong slrong 




Downstairs. 


54Kapda 


9.30 a.m. 


strong 


long 


Upstairs. 


54Kanda 


12.15 








Hongo 


0.17.8 a. 








(Sekiya).. 










Hitolsu- 


6.17.22 a. 








basiii 










(Sekiya).. 










Gliii ikiokii 


0.17.08 a. 


• 


los. 


Sliglit. 


eiiirikioku 


6.17.22 a. 






Verv siiglit. 




11.41.14 p. 


amp .2 
period .6 


los. 


E..\V. 


Yokoliama 


1 1.40.0 p. 




8s. 


N.W.-S.E. 



95. — Yotsuya, at ii.38 a.m. 

95. — Asakusa, at 11.45 P'"^* 

Kobudaigakko — At 12.20.0 a.m. slight shoek. 

Kobudaigakko — At 6.15 a.m. slight shoek. 

117, — Kojimachi, lidamaehi, 12. 17.0 a.m. two sharp shoeks 
felt in bed upstairs. They were felt by the servants downstairs, 
but not by a visitor. 

Ko]imachi, 7 Nagataeho — 1 2.16.0 a.m. a sharp shoek lasting 
25 see. Motion horizontal. 

Kojimachi, English Legation — 0.17.0 a.m. distinet earth- 
quake tremor, direetion £.W. Duration i or 2 see. 

108. — Azabu, 0.20.0 a.m. sharp deeided shoek, more of a 
jerk than a tremor, lasting 5 see. downstairs. 

115. — Tsukiji, Ameriean Legation, 12.10 night, a longshoek 
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whieh seemed to eome from below. Upstairs in a wooden 
building. 

121. — Shiba, 1 1.42.0 p.m. short sharp shoek preeeded for 2 
see. by a deep rumbling sound. 

121. — Shiba, 0.18.0 a.m. short sharp shoek like the previous 
shoek. 

109. — Tsukiji, French Legation, 12.20 a.m. a light short 
shoek. 

109. — ^Tsukiji, French Legation, 1 1.40 p.m. very feeble shoek. 

118. — Azabu, 11.45 p.m. a sharp shoek with tremor. 

132. — Masagoeho, Hongo, 11.47 P'™* l*st night asharp jerk 
followed by a tremor. 

Masagoeho, Hongo — 6.20 a.m. a tremor and jerk. 

129. — Surugadai, 12.19 a.m. slight shoek. 

Surugadai — 6.19 a.m. slight shoek. 

The 0.17.08 a.m. disturbanee, although feltover 720 square 
rr, in Tokio was with but three exceptions only felt in the 
western and northern part of the eity, or from Takanawa 
(Shiba) on the south to Koishikawa in the norlh. At three 
plaees it was short and sharp as if from below. 

The 6.17.22 a.m. shoek was in Tokio praetieally felt over 
the very same area as the 0.17.08 a.m. disturbanee. It also ex- 
tended over a large area. At three plaees it was felt as a jerk. 

The II. 41. 14 p.m. disturbanee did not extend over a large 
area, but was only felt in Tokio, and this with but one exception 
at plaees along a north and south line like the 0.17.08 a.m. 
shoek. In Shiba it was sharp and preeeded by a noise. 

20. — Degember 19. 



No. 



LOGALITY. 



Koma- 

^ome 

Hitotsu- 

bashi ..... 
Ginrikiokii 



TlMS. 



II p.m. 
6.0.12 
6.00.20 p. 



Intsnsity. 



feeble 



very sli^ht 



DURATION'. 



RKUARK&. 



DoubtfuI. 



Aeeording to maps this shoek was only felt in Tokio. 
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21. — 


Degember 


2IST. 




No. 


LoeALITY. 


TlME. 


Intinsity. 


DURATION. 


RSMARKS. 




Na^ataeiio 


2.8 p.m. 


feeble 






4 


AkasaUa... 


2.6 p.m. 


feeble 








Kokadai- 


2.7 p.m. 


very slight 








gakii 












Hongo 


2.5-55 P. 










(Sekiya).. 












Hiiotsii- 


2.5-5S p. 










baslii 












(Sekrya).. 












Gbirikiokii 


2.05.55 


very sliglit 







This shoek whieh was only felt in Tokio, wiih the exception 
of observations at observatories was only felt at two plaees on 
ihe west side of the eity. 

22. — DeGEMBER 22ND. 



Piikagawa. 



1.19 p.m, 



feeble 



is. 



Upstairs. 



23 AND 24. — DeGEMBER 24TH. 



45 



Pukagawa. 

Pukagawa. 
Hitolsii- 

bashi 

eiiirikioku 
eiiirikioku 



5-6 



a.m. 



12.3 a.m. 
7.51.30 a. 

4.09.41 a. 
7.51.38 a. 



feeble 



amp. .12 
period 2 



is. 



about im, 



Upstairs, doubt- 
ful blioek. 



Very slight. 

S.W.-N.E. ablow 
earihqiiake, and 
tliereforenotfelt. 



This 4.09.41 shoek extended over 272 square r/. 

25. — Degembbr 31ST. 



Ghirikioku 



1.24.45 3 



Veiy slight. 



This shoek was only felt in Tokio, 

26. — JaNUARY IST. 



126 



Hon^o .. .. 
Ghirikioku 



3.25 
3-3I-38 p. 



jerk 
very slighl 



l*.ec. 



Very slight. 
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This shoek was only felt at ihe observatories in Tokio. 
€Xtended over 1,460 square ri, 

27. — JaNUARY 9TH. 



It 



No. 


L0CAL1TY. 


TlMI. 


Intinbiiy. 


DURATIUN. 


RlMARKS. 


45 


Pukagawa. 


1.41 a.m. 


feeble 




Upstairs. 



28.-— January iith. 



55 
116 

125 

130 

13 
III 

108 

4 
109 

3 
iio 

114 

85 



Ushigome . 


8.53 a.m. 


feeble 


2s. or 33. 




8.42 a.ni. 


feeble 




K6jimachi. 


3.50 a.in. 


sli^ht 
tremor 




Hongo 


8.50 a.m. 


sei ies of 
shoeks 


50S. 


Kyobaslii.. 


8.54 a.m. 


slight 


2S. 


Azabu 


852 a.m. 


feeble 


im. 15S. 


K6jimachi. 


8.51 a.m. 






Azabu 


8.49 a.m. 


prelly 
sirong 


im. 40S. 


AUasak^), 


3.50 a.m. 


feeble 




Aoyama.. 








Kyobashi, 


8.50 a.m. 


tremor 




Tsukiji ... 








Azabu 


8.50 a.m. 


prelly 
slrong 




Shiba, 


8.55 a.m. 


liemor 




Kiiidobhi. 








Shiba 


4.18 a.m. 


short 




Myoga- 








daiii 








Nagaia- 


8.42 


slight 




eho, K6ji- 








maehi 








Hon^o 


8.50..30 






(Sekiya).. 








Hitotsu- 


8.50.30 






bashi 








Ghiiikiuku 


8.50.36 a. 


amp .4 
period 1.8 


im. 


Yokohama 


3.25.0 p.m. 






Yokohama 


8.55.0 a. 




• 



Downstairs. 



Downslairs. 

Downstaiis. 

On tlie road. 

Upstairs. 

Shorlshoekdown- 
staiis. 



Downstairs. 
Nol fell. 

Fe!t as two small 
shoeks, slronger 
in Azabu. 



E.S.E.-W.N.W. 
Rather )ong pe- 
riod to have been 
so well felt. 

N.E.-S.W. 

N.E.-S.W. 



This disturbanee whieh extended over a large area (1,480 
square r/), was in Tokio praetieally only felt along a N. and S. 
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line extending from Shiba through Ko]imachi, that is to say in 
the west side of the eity. 

Its period was moderately long. There were 7.5 waves in 
10 seeonds. 

29. — January 14TH. 



No. 


LoCALirv. 


Ti 


MK. 


Intensiiy. 


DURATION. 


Rbmarks. 


87 


Honjo 


8.15 


a.m. 


feeble 


shorl 


Downslairs (?) 


116 


K6jimaclii. 


5.30 


p.m. 


sligtit 


short 




55 


LJshij»ome. 


5-30 


p.m. 


feeble 


5s. 


Downstairs. 


5 


Kyobashi.. 


5-33 


p.m. 


feeble 


5S. 


Downstairs. 


5 


Azabii 


5-36 


p.m. 


feeble 






45 


Pukagawa 


5-29 


p.m. 


feeble 


2m. 


Upstairs. 


"3 


Siiru^adai. 


5-40 


p.m. 


feebie 




Downstairs. 




Nagaia- 


5-32 


p.m. 


tremor 




Preeeded by very 




eho, K6ji- 










slight tremors. 




maeiii 














Ghirikioku 


531 -55 P- 


slight 


15 see. 


E.W. shght ver- 














tieal motion. 



This shoek whieh was only felt in Tokio, was only observed 
by one or two observers Iiving on ihe N.W. side of the eity. 

30. — January 15TH. 



Akasaka... 



6.i3.o(?)p. 



feeble 



This shoek was felt for some distanee along the eoast of 
Kadzusa. 

31. — January i6th. 



Akasaka... 



3.35 a.m. 



feeb!e 



55. or 6s. 



32. — January 27TH. 



Azabu 

Hiiosu- 

baslii 

Ghirikioku 



10.4 a.m. 
10.7.0 a. 

io«»5-33 P- 



feeble 



tery slight 



short 



about los. 



Downstairs. 



N.-S. 



This shoek was felt over 180 square ri. 
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33. 34» 35» AND 36.— Pebruary 2nd. 



No. 


LOGALITY. 


TlMI. 


Iktinsity. 


DURATIUN, 


RlMARKS. 


133 


Kojimachi. 


1.20 


p.m». 


slrong 


iong 
alx)ut 3m. 




133 


KojimacIii. 


2.28 


p.m. 


strong 






133 


Kojlmachi. 


3-5 


p.m. 


feeble 






133 


Kojimachi. 


4-47 


p.m. 


strong 


quick 




6^ 


Asakusa ... 


1.15 


p.m. 


feeble 


20S. 


Downstairs. 


126 


Hon^e» 


3-42 


p.m. 


preity 
strong 


im. 




96 


Ushigome. 


1.30 


p.m. 


feeble 






96 


Ushigome. 


3.45 


p.m. 


pretly 
strong 






132 


Hongo 


1.20 


p.m. 


strong 


long 


Upstairs. 


132 




3-45 


p.m. 


fee!)ie 




Upslairs. 


18 


Siiiba 


1.17 


p.m. 


strong 


im. 


Downslairs. 


II 


Azabu 


1.20 


p.m. 


strong 


3m. 


Downslairs. 


II 


Azab(i 


345 


p.m. 


feebie 


3s. 


DowMslairs. 


55 


Ushigome. 


1.20 


p.m. 


strong 


3m. 


Downstairs. 


116 


Kojimachi. 


3-45 


p.m. 


strong 






46 


Honjo 


0.16 




strong 


im. 20s. 


Downstairs. 


42 


Kojimachi. 


1.15 


p.m. 


strong 


im.or2m. 


Upstairs soutii to 
norlli. 


122 


Kojimachi. 


3-45 


p.m. 


strong 


im. 


Sl»oji rattled for 
im. Preeeded 
by a rumbling 
sound. No jerk. 


III 


Kojimachi. 


3-4 


p.m. 








90 


Yoisuya ... 


1.18 


p.m. 


strong 


3m. 


Shoeked from N. 


90 


Yotsuya ... 


3-43 


p.m. 


fee!)ie 


im. 


Shoeked from N. 


116 


Kojimac!ii. 


I-I5 


p.m. 


tremor 


20S. 


Downslairs. 


5 


Sluba 


1.16 


p.m. 




40S. 


Downstairs. 


122 


Chooji, 
Shiba 


1-15 


p.m. 


strong 


iong 


Gommeneed 
gently. 


130 


Sliiba 


1.25 


p.m. 


jerk 


8s. 


Downslairs. 


108 


Azabu 


341 


p.m. 


sharp 
stioek 


30s.to im. 


Motion quicker 
tiian at 1.15 p. 
downstairs. 


108 


Azabu 


115 


p.m. 


feebie 


im. 


Downstairs. 


32 


Nihon- 
bashi 


1-35 


p.m. 


strong 


2m. 


Upslairs. 


129 


Kanda 


340 


p.m. 


Iremor 


long 


Downstairs. 


130 


Shiba 


350 


p.m. 


jerk 


3''- 


Downstairs. 


106 


Kyobashi.. 


1.40 


p.m. 


feebie 


im. 


Downstairs. 


106 


Kyobashi.. 


44 


p.m. 


tremor 


30S. 


Downstairs. 


45 


Pukagawa. 


0.16 


p.m. 




3m. 


Upstairs. 


40 


Pukagawa. 


I-I5 


p.m. 


strong 


40S. 


Downstairs. 
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No. 


L0CALITY. 


TlMB. 


Intknsity. 


DURATION. 


Rkmarks. 


40 


Pukagawa. 


3-35 P-m. 


feeble 


7s. or 8s. 


Downstairs. 


108 


Azabu 


1.16 p.m. 


strong 


3"!- 


Downstairs. 


28 


Pukagawa. 


1.25 p.m. 


strong 


2m. 


Downstairs. 


52 


Shitaya 


1.30 p.m. 


strong 


25S. 


Upstairs. 


IIO 


Kiridoshi, 
Shiba 


1.18 p.m. 


hard 
tremor 


long 


Lamps swinging. 


III 


Kojimachi. 


1.15 p.m. 








120 


Sliiba 


1.15 p.m. 


slrong 


long 


Easy molion, did 
noi ratlleglass. 




Honjo 


1.23 p.m. 


strong 


im. 


Downstairs. 


"5 


Tsukiji 


1.15 p.m. 


strong 


im. 


Motion easy, 
downstairs. 


114 


Shiba 


1.15 p.m. 


strong 
severe 


long 


Horizontal 
motion. 


129 


Kanda 


1.17 p.m. 


tremor 


long 


Downstairs. 


72 


Shilaya 


1.25 p.m. 


strong 


long 


Upstairs. 


45 


Pukagawa. 


3-45 P-m. 




im. 


Upslairs. 


31 


Kyobashi. 


1.45 p.m. 


strong 


3m. 


Downstairs. 


126 


Hongo 


i.ii p.m. 




long 40S. 


Gentleoseillation. 




Nagaiaeho 


1.15 p.m. 


moderate 




Lanips deseribed 
ellipseNE..SW. 






3.40 p.m. 


moderate 




Lanips did not 
swing, biil wob- 
bled; apparently 
vertical. Not so 
strong as I.15 
shoek. 




Hongo 


f I.I5-I5P- 
(.2.24.0 p. 










(Sekiya).. 










Hilotsu- 


f II5-I5P. 
(2.24.0 p. 










bashi 










eiiirikioku 


1.15-15 P- 


amp 3.0 
period 3.7 


3.48 


W.N.W.-E.S.E, 

Vertical motion 
amp. .5* 






2.23.46 p. 


•7 
1.4 

very slight 


1.49 


E.W. 






3.00.14 p. 










3.41.27 p. 


3-8 


405 


W.S^W.-E.N.E. 




Yokohama 


1.16.0 a. 
3-450 p. 


2.4 


8 see. 


E.W. 



The 1.15.15 p. shoek shook 3,440 square ri\ There were 
5 waves in 10 seeonds. 

The 2.23.46 p. shoek shook 1,680 square r/. There were 
7 waves in 10 seeonds. 
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The 3.00.14 p. shoek shook 730 square ri. - 
The 3.41.27 p. shoek shook 2,630 square ri, There were 
4.5 waves in 10 seeonds. 

37. — PeBRUARY 3RD. 



No. 


LOGALITY. 


Tiui. 


Intbnsity. 


DURATION. 


Rbmarks. 


114 


Sliiba 


3.15 p.m. 


feeble 


75. or 8s. 




III 


K6jimachi. 


2.35 p.m. 








112 


Shiba 


2.36 p.m. 


tremor 


33. or 4s. 


Upstairs. 


108 


Azabu 


2.40 p.m. 


slight ]erks 


35. eaeh 


i'wo slight shoek 
with an interval 
of a minute. 


133 


K6jimadii. 


2.37 p.m. 


strong 






132 


Hongo 


1.35 p.m. 


feeble 




Upstairs. 




Nagraia- 


2.350 


slight 


short 


Sudden and pre- 




dio, Koji- 








eeded by a short 




maehi 








noise. 




Hongo 


2.37.20 










(Sekiya).. 










38.- 


-Pebruary 


5TH. 


4 


Akasaka .. 


1.15 p.m. 


strong 


long 


Downstairs. 


4 


Akasaka .. 


3.41 p.m. 


strong 


long 


Downslairs. 


133 


K6jimadii. 


1.5 p.m. 




im. 




112 


Shiba 


0.53 p.m. 


jerk 


short 


Upslairs. S.W. 

N.E. 


55 


Ushigome. 


pretty (?) 
befoie I p. 


feeble 


6s. or 7s. 


Downstairs. 


4 


Akasaka .. 


0.50 a.m. 


feeble 




Downstaiis. 


116 


K6jimadii. 


0.30 a.m. 


tremor 


short 




120 


Shiba 


7 a.m. 






North to'south. 




Nagata- 


o'.52 a.m. 


gentle 








dio, K6ji- 












madii 












Hongo 


0.50.56 a. 










(Sekiya).. 






• 


• 




Hilolsu- 


0.50.56 a. 




• 






bashi 












Ghirikioku 


0.50.56 a. 


amp 1.6 
peiiod 2.1 


about im. 


S.W.-N.E. 




Yokohama 


0.53.0 a. 









This shoek disturbed a large area (9,670 square r/). There 
were 7 waves in 10 seeonds. 
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MILNE: — ON THE DISTRIBUTION 0F 



No. 



LoeALlTY. 



Hongro 

(Sekiya).. 
Hitotsu- 

basiii 

eiiirikiokn 



TlMI. 



1 1,3344 a, 

n. 33-443 
11.33.44 a. 



iNTgNSlTY. 



sliglit 



Dl'ration. 



Remarrs. 



25 see. 



S.-N. 



Only felt in Tokio. 



45. — Pebruary 15TH. 



104 



Hongo 

Hongo 
(Seleiya).. 
eiiiriUioUu 



3.20 p.m. 

3.20.30 p. 
3-43-38 p. 



short jerk 



very slighi 



30 see, 



E.-W. 



It shook 460 square ri (?) 

46. — Pkbruary 17 th. 



III 



Kojimac)ii. 
GhiriUioku 



12.40 p.m. 

0.16.17 p. very slijt»lit| 50 see. |E.-\V. 



This shoek was felt in Tokio and to the N.E. in Sakura and 
Narita. It shook 170 sqnare ri. 

47. — Pebruary i8th. 



45 
41 



Sliiba 

Honjo 

eiiiriUioUu 



6.45 p.m. 
6.22 p.m. 

6.13-45 P- 



feeble 

feeble 

vei y slijj;lii 




Do\vi\stairs. 
E.-W. 



This shoek was fell in Tokio and to the North and East ia 
Mohara, Sakura, Sakai, Asaw (?), and Mito, shaking 570 
square ri. 

48. — PeBRUARY 22ND. 



Kobu- 
daigaUUo 

Nagata- 
elio, K6ji 
maelii 

Sliinbabin. 

GhiriUioUu 

Hongo 

(SeUiya). 
Hilotsu- 

bashi 



10.25.0 
10.27 a.m. 

11.10 

10.24.43 a. 
10.25.0 
10.25.0 



slight 
very slighi 



sliRht 
tremor 



•7 
3-2 



1.30 



E.-W. slowearlh' 
quake. 
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This shoek was felt in Tokio and all down the eoast froin 
Kamaishi a distanee of over 200 iniles. Shaking 5,220 square 
ri, There were 4 waves in 10 seeonds. 

49. — Pebruary 23RD. 



No. 



LOGALITY. 



TlMB. 



Gliirikioku 



II. 10.50 p. 



Intbnsity. 



very siij» 



lii>Iit 



DURAriON. 



RtMARKS. 



10 sec. IS.-N. 



This shoek was only feU in Tokio. 

50. — Pebruary 24TH. 



134 



K6jiinaclii. 
eiiirikioku 
Hoiii»o 

(Sekiya).. 
Hiiotsii- 

baslii 

(.Sekiya).. 



2.7 a.in 
2.07.06 a, 

2.26.0 a, 



2.26.0 a 



slight 
very slighi 



I see. 



Upslairs. 
E.-W. 



It shook 580 square ri. 

51 AND 52. — MaRGH IST. 



sShiba 

Hongo 

Nagala- 
eho, K6ji. 

inaehi 

60 Hon^o 

1 1 ,Azabii 

126 Hongo 

45 Pukagawa. 

87 Hoiijo 

117 K6jimachi. 
68 Koi^hi- 

kawa 

31 Nilion- 

baslii 

134 K6jin)aclii. 

119 K6jiinactii 
133 K6jiinachi 
122 Ch6<»ji, 

Shiba 

122 Chooji, 

Sliiba 

IloShiba 



950 


p.in. 


feeble 


5s. 


Upstairs. 


9 


a.m. 


feeble 






330 




feeble 






9-59 


p.m. 


jeik 


short 2s. 


Downstairs. 


10.5 


p.m. 


strong 


205. 


Downstairs. 


9-54 


p.m. 


feeble 


los. 




9-55 


p.m. 


feeble 




Upstairs. 


9-45 


p.m 


feeble 


shorl 3s. 


Oownstairs. 


950 


p.m. 


slight 


short 


Upstairs. 


9.S5 


p.m. 




3s. 


Downstairs. 


9 55 


p.m. 


slrong 


sliort 


Downstairs. 


957 


p.m. 


jeik and 
Ireinor 




Preliminary tre 
mor upstairs. 


10 


p.m. 


tremor 


45. 


Downstairs. 


9.52 


p.in . 




long 




10 


p.m . 


jerk 






330 


p.ni. 


sli^ht 
Iremtn 




« 


10.4 


p.m. 


iremor 
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No. 


L0CAL1TY. 


TlMI. 


Intknsity. 


DURATION. 


RlMARKS. 




Hongro 
(Sekiya).. 


3.30.0 p. 










Hitotsu- 
bashi 


3.30.0 p. 










Ghirikioku 


3-30.15 P 


slight 


115 


W.S.W.-E.N.E. 




Yokohaina 


9.54.12 p. 
10.30.0 p. 


slight 


30 sec. 


S.-N. 



The shoek at 9 p.m. was only felt in Tokio. The 3.30 
shoek was felt in Tokio and to the North and North-West at 
Ashikaga, Sakai, and Mito. The 10.30 shoek was felt at 
Tokio, Ashikaga, Sakai, Mito, and Sakura. 

The 3.30 p. shoek shook 580 square riy and the 9.54 p. 
shoek shook 670 square ri, 

53 AND 54. — MaRGH 9TH. 





Nagata- 


5 


a.m. 


pretty 


2S. 


Preliminary tre- 




elio, Koji- 






strong 




mors. 




nriaelii 


) 










133 


Kojiniachi. 


5 


a.m. 


strong 






133 


K6jimachi. 


10.20 


p.m. 


feeble 






134 


Kdjimachi. 


10.18 


p.m. 


feeble 




Upstairs. 


117 


Ushigome. 


4.50 


a.m. 


sharp 


short 


Upstairs, also fe]t 
downstairs. 


125 


Koishi- 
kawa 


4-57 


a.m. 


sharp 


eontinu- 
ous 


Upstairs. 


90 


Yebara .... 


4.54 


a.m. 


strong 


20S. 




132 


Hongo 


5 


a.m. 






Upstairs. 


7 


Akasaka... 


458 


a.m. 


strong 


about im. 


Downstairs. 


31 


Nihon- 
bashi 


4-55 


a.m. 


strong 


short 


Downstairs. 


94 


Kita- 
Toshima.. 


5 


a.m. 


strong 


4m. 


Downstairs. 


118 


Azabu 


4.56 


a.m. 


jeik 


15 see. 


Two shoeks in 
sueeession and 
sound of an ex- 
plosion, ground 
floor. 


22 


Shiba 


4.50 


a.m. 


strong 


short 3S. 


Downslairs. 


IIO 


Shiba 


456 


a.m. 


jerk 




As if the house 
was lifted. 


121 


Shiba 


4.57 


a.m. 


sliarp 


2m. 


Preeeded by a 
loud rushingr 
sound up and 
downstairs. 
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No. 


LOGALITY. 


Tiui. 


Intinsity. 


DURATION. 


Rbmarks. 


55 


Uslii^ome. 


4*5^ a.m. 


strong 


2m. 




108 


Azabu 


4.49 a.m. 


strong 


2m. 


Downstairs. 


129 


Kanda,Su' 
ruf;^adai... 


4.53 a.m. 


two jerks 


short 


Downstairs. 


119 


Kojimacl)i. 


5 «•"! 


tremor 


303. 


Downstairs. 


122 


Cliooji, 
Shiba 


5 a.m. 


tremor 

• 




A ruinble liUe ar> 
lillery wagons, a 
great bump and 
several shakes. 


127 


Kyobashi.. 


4.55 a.m. 


sharp jeik 




Upsiairs, preeed- 
ed by a heavy 
report like an 
explosion. 


134 


Kojimacl)i. 


4.57 a.m. 


sharp 




Upstairs. 


116 


Kojimachi. 


5 a.m. 


sharp 


short 


Preeeded by a 
noise. 


114 


Shiba 

Hon^o 
(Sekiya).. 
Hiloisu- 


5 a.m. 

4.56.26 a. 

e 4.56. 26 a. 
'l 10.17.op. 


strong 


55. or 6s. 






bashi 










Ghirikioku 


4.54.16 a. 


amp .4 
period .2 


25 see. 


N.N.W.-S.S.E. 




ehirikiokn 


10.7. 1 p. 


very slight 








Yokohama 


4.58.0 a. 






S.E.-N.W.slight. 



The 5 a.in. and the 10.7 p.m. shoeks extended over a large 
area. 

The 10 p.m. shoek probably not felt in Tokio on aeeount 
of its being slow period, Tokio being on the outer edge of 
the disturbanee. 

The 4-54.16 a. shoek shook 620 square ri, The 10.17.01 p. 
sboek shook 1,470 square r/. 

55 AND 56.— March i6th. 

Nagata- 

eho, Koji 

maehi a.m. 

Nagata- 

eho, Kdji 

niaehi .... 
'96|Minami- 

Toshima.. 6.4.0 a.m. feeble 



6.45 a.m. 
6.40 a.m. 



Downstairs. 
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No. 


LUGALITY. 


TlM£. 


Intinsity. 


DURAT10.S. 


RSHARKt. 


IIO 


Kiridoshi, 












Shiba 


6 a.m. 


Iremor 


long 




IIO 




6.45 a.m. 


strong 


!ong 




31 


Nihon- 












bashi 


6.40 a.m. 


Iremor 


short 


Downstairs. 


35 


Honjo 


5.58 a.m. 


feeble 


short 2s. 


Downstairs. 


47 


Shiba 


6.45 a.m. 


feeble 


2m. 


Downstairs. 


118 


Azabu 


5.58 a.m. 


jerk 


short 




118 


Azabu 


6.46 a.m. 


strong 






117 


Usliigome. 


555 a-'"- 


slight 


long 




117 


Ushigome • 


6.43 a.m. 


strong 




• 


87 


Honjo 


5.57 a.m. 


strong 


short 


Downstairs. 


87 


Honio 


6.45 a.m. 


feeble 


sliort 


Downstairs. 


119 K6jimachi.!4 a.m. 


slight 


sliort 


Downstairs. 


119 Kojimachi. 6.45 a.m. 


tremor 


10 see. 


Downstairs. 


127 


Kyobasiii.. 


6.44 a.m. 


jerk 


8 see. 


Upstairs, sharp 
slioek. 


125 


Koishi- 
kawa 


6.45 a.m. 


strong 
tremor 




Upstairs. 




Surugadai. 


5.58.0 a. 






Seeond shoek not 
felt on Suruga- 
dai. 


134 


Kdjimaclii. 


5.58.0 a. 


smart 
jerk 






134 


Kojimachi. 


6.45 a- 


genlle 






132 


Hongo ... 


6.0.0 a. 








132 


Hongo ... 
Hongo 

(Sekiya).. 
Hitotsu- 

bashi 


6.45 a. 
5.58.2 a. 
5.58.2 a. 










Ghirikioku 


5.58.02 a. 


amp .2 
period .8 


30 see. 


S.E.-N.W. 




ehirikioku 


6.43.32 a. 


amp .4 
period .8 


2.50 


S.E.-N.W. 




Yokohama 


6.0.0 a. 






E.-W. 




Yokohama 


7.0.0 a. 


1 




S.W.-N.E. 



The 5.58.02 a. shoek shook 1,990 squarerii andthe 6.43.32 
a. shoek also shook 1,990 sqaare ri, » 

17. — Margh 17TH. 



87 


Honjo 


7.55 


p.m. 


feeble 


short 


41 


Honjo 

Honjo 


6.45 


a.m. 


feeble 




41 


8 


p.m. 


feeble 


30 see. 



Downstairs. 
North-South. 
W.S.W. to E.N< 
E. 
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No. 



LOGALITY, 



Ghirikioku 
Yokohama 



TlMK. 



7.55-36 
7.0.0 



P 
P 



Intinhity. 



vety slight 



DURATION. 



RIMARK8. 



S.E.N.W, 



This shoek only felt in Tokio. 

58.— April ist. 





Ghirikiokii 


6.17.08 a. 


very slight 






59. — April 3RD. 


17 


Kanda 


8.24 p.m. 




3m. 


Upstairs. 


60. — ApRIL 5TH. 



II 

73 
114 

112 

109 

55 

118 

75 
31 

17 

93 

76 
110 
119 

56 
108 



Azabij 

Osatogori.. 

Shiba 

Shiba 



28 
90 
126 H 

10 

10 



Kdjimachi. 
Ushigome . 
Azabu 



Asakusa . 
Nihon- 

baslii .... 
Nihon- 

bashi...., 
Kita- 

Toshima.. 
Kyobashi .. 

Shiba 

Kojimachi. 
Pukagawa. 
Azabu ... 



2.50 p.m. 

2.30 p.m. 
2.27 p.m. 

2.31 p.m. 

2.30 p.m. 

2.30 p.m. 

3-35 P.ni. 

2.32 p.m 



Pukagawa. 
Yehara .... 

onjo 

Hongo 

K6jimachi. 



2.32 
2.28 

2.37 

235 
2.31 

2.30 

2.27 

2.34 



p.m 

p.m. 

p.m, 
p.m 
p.m 
p.m 
p.m 
p.m. 



2.34 p.m. 
2.28 p.m. 
2.30 p.m. 
2.30.10 p. 
2.30.10 p. 



strong 

strong 

slrong 

jerk 

tremor 
strong 
tremor 

strong 

btiong 

slrong 

strong 
slrong 
tiemor 
tremor 
very strong 
strong 



strong 
strong 
strong 
strong 
strong 



long 
2m. 
im. 
3 or 4 see 

long 

im. 20sec 

long 

ims. los. 

long 

2m. 

6sec. 

2m. 

long 

Im. 

Im. 

im.^os. 



2m. 

im. 

long 
im. 30S. 
2m. 20S. 



Downstairs. 
Downstairs. 

Upstairs, severe 
Iremors. 

Upstairs. 
A jerk in the 
middle. 
Upstairs. 

Downstairs. 

Downstairs. 

Downstairs. 
Downstairs. 
Severe. 

Downstairs. 

Downstairs, se- 
vere, vibrations 
short and sharp, 

Downstairs. 
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No. 


LoCALITY. 


TlMB. 


Intinsity. 


DURATIUN. 


Rbmarks. 




Hitotsu- 














baslii 

Hongo ... 

Oiirikioku 


2.30.29 
2.30.29 

2.30.29 


P- 
P- 

P- 


period .7 
amp 1.2 
period 1.2 
amp .7 


1.30 

2m. 


Yertiea! motion 

slight. 
S.E..N.W.Verti- 

eal motion 




Hitolsu- 
bashi 






period .9 
amp .2 


2.20 


amp. .5 

period .2 

Vertical motion ,5 



This shoek extended over 4,060 square r/. There were 14 
waves in 10 seeonds. 

61. — April 8th. 



ehirikioku 



2.22.32 p. 



very slight 



62. — April iith. 



ehirikioku. 
Yokohama 



11.06.43 p. 
2.30.0 p. 



very slighl 



S.E.-N.W. 



63.--APRIL 14TH. 



134 



K6jimachi. 



II. 17.0 p. 



slight 



short 



Upstairs. 



This shoek only felt in Tokio. 

No. 134 being a partieularly carefal observer, there is good 
reason for believing that at this time there was really a shoek. 

64. — April 26th. 



96 



Minami 

Toshima.. 
Hitotsu- 

bashi 



2.22 p.m, 
2.10.30 p 



feeble 



Downstairs. 
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65. — April 27TH. 



No. 



LeOALITY. 



Ghirikioku 



TlMI. 



8.34.34 a. 



Intsksitt. 



amp .2 
period 1.5 



DURATION. 



2m. 



RSMARKS. 



S.W.N.E. Slow 
eartliquake. 



This shoek shook 660 square r/. 

66. — April 29TH. 



90 


Yebara .... 


10.25 


a.m. 


strong 


3m. 




75 


Asakusa... 


9-57 


a.m. 


stron^ 


2m. 


Downstairs. 


5 


Sliiba 


10 


a.m. 


strong 


40 see. 


Upstairs. 


118 




10 


a.m. 


tremor and 
jerk 




Noise heard be- 
fore the earth- 
quake ; heavy 
shoek as if froin 
an explosion. 


94 


Kita- 














Toshima.. 


10 


a.m. 


strong 


2m. 


Oownstairs. 


129 


Surugadai. 


lO.O 


a.m. 


severe 
jerks 


long 


Downstairs. 


100 


Hongo 


10 


a.m. 


strong 


long 


Downstairs. 


56 


Honjo 

Kyobashi.. 


9-57 
10.4 


p.m. 
a.m. 


strong 


long 2m. 


Upsiairs. 


121 


Shiba 


10.2 


a.m. 


sharp 


long 


Water 'in pond 
agitated. Trees 
swaying. 


114 




10 


a.m. 


5trong 


3 or 4m. 




28 


Pukagawa. 


10.2 


a.m. 


strong 


2m. 


Downstairs. 


31 




10.2 


a.m. 


strong 


im. 


Upstairs. 


109 


Kojimachi. 


10 


a.m. 


strong 


long 






Hongo 


10.0.33 a. 










Hitotsu- 














bashi 


lo.o.;^ 


^.'^ a. 










Ghirikioku 


10.0.33 a. 


amp 5.6 


8.0 


S.E..N.W. Vcr- 










period .8 




tieal motion 

amp. 1.5 
period .6 




Yokohama 


10.03 


.0 a. 






S.W.-N.E. 




Kanagawa 


10.0.0 a. 


amp. 6mm. 




Strong and long*. 



This shoek shook 5,080 square ri. There were 13 waves in 
10 seeonds. 
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67. 


— April 30TH. 




No. 


LOCALITV. 


TlMB. 


Intsnsity. 


DuRAriON. 


RtMARRS, 




ehirikiokii 


5.44.38 a. 


very sliglil 




E.-W. 



This shoek shook 1,110 square rr. 

68. — May 5TH. 



Ginrikioku 



8.52.24 p. 



very slight 



69. — May 6th. 



104 


Hongo 












(Slraiige) 


2.54 p.m. 


jerk 


short 




104 




2.59 p.m. 


jerk 


short 




104 




3 P«»- 


jerk 


short 





Analysis of Regords. 

Altogether. I distributed 2,010 post eards. Out of these 
between November isth, 1887, and May ^th, 1888, a period of 
nearly 6 months, 103 observers sent in 496 reeords. Thirty- 
one observers, 14 of whom lived on the high ground and 
17 lived on the low ground. allhough it seems impossible ihat 
they should not have felt at least one of the 69 shoeks reeorded, 
did not return a single eard. 

The balanee of unused eards amongst aetual observers up 
to May 5th was 1,064. Many of these sinee that date have 
been returned, but they have not been used in the foIIowing 
investigations, inasmueh as other observers had by May 5lh 
exhausted Ihe stoek of eards with whieh ihey were provided. 

The 496 reeords were made as foIIows : — 370 eame from 61 
observers Iiving on high ground, that is upon the western and 
northern side of Tokio, while 126 reeords eame from 42 ob- 
servers Iiving on the low ground. 
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The average number of reeords per observer on the high' 
ground was 6, while upon the low ground the average was 3. 

The greatest number of observations was made at station 
number 4 upon the west side of Tokio, where by plaeing the 
reeord of several earthquakes upon one eard, fifteen eards 
eontained the reeord of 21 shoeks. 

On map No. i the hilly, high ground is indieated by shad- 
ing and the stalions by numbers. The short horizonlal strokes 
give the number of observations made at the station to whieh 
they are eontiguous. Stations with a eirele round them are 
the non-observers. 

This map elearly shows that the greatest number of earth- 
quakes was observed by residents on the high ground. 

The disturbanees whieh were only felt in Tokio wereat least 
25 in number. In 8 other eases, as the shoek was only reeorded 
by one obser^er, it is possible that a mistake may have been 
made in observation. Sueh observations are aeeompanied 
with a note of interrogation. 

The numbers of these earthquakes are, 4, 5 ?, 6 ?, 8, 9, 10, 
II, 7j, 14, is, 20y 21, 22?, 24, 2Sy 27?, 29, 31 ?, 37, 39?, 42, 
43 ?, 44, 4g, 57, 5<y 59?, (5/, 62, 63, 64, 68, 69. 

Disturbanees whieh were only felt at an observatory are in 
iialies, "AU these earthquakes, with the exception of No. 57, 
whieh is said to have been felt upon the east side of the 
eity, were only felt upon the hilly, hard ground upon the 
•western and north-western side of the eily. They are shown 
in map No. 2. 

The dislurbanees whieh were felt in Tokio and whieh in 
addition also shook a large traet of eountry surrounding the 
eity, in some eases the whole eoast line for at least 200 miles, 
were 36 in number. 

The numbers of these disturbanees are i, 2, 3 7, 12, 17, 16, 
18, 19, 23, 26, 28, 30, 32 33, 34, 35, 36, 38, 40, 41, 45 46,47. 
48, 50, 51, 52, 53, 54, 55, 56, 60, 65, 66, 67. 
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From this it appears that about 41 per eent. of the shoeks 
felt in Tokio are of loeal origin. 

The 30 shoeks whieh were fe]t in Tokio, and whieh shook a 
large traet of eountry may be subdivided as follows : — 

1. Shoeks whieh were felt all over Tokio. These are 6 in 
number, namely, numbers 2, 16, 19, 33, 60 and 66. 

2. Shoeks whieh praetieally were only felt upon the hillyy 
hard ground upon the west side of Tokio. These are 30 in 
number, namely, numbers i, 3, 7, 12, 17, 18, 28, 30, 32, 34, 
35» 36, 38, 40, 41, 46, 48, 50» Si» 52, 53> 54, 55» and 56. 

(Note. — Shoeks 26, 45, 65 and 67 were only reeorded atthe 
Observatories. Shoeks 23 and 47 were reeorded at an ob- 
servatory and at one or two stations.) 

From the above we might eonelude that 36 per eent. of the 
earthquakes whieh shake an enormous area of ground outside 
Tokio only shake the hilly part of Tokio itself. 

From maps of shoeks whieh shook a large area but only 
shook the hills on the west side of the eity, I find from reeords 
kept by Mr. E. J. Pereira of Yokohama, whieh lies from Tokio 
about 16 miles S.S.W., that at least 10 sueh shoeks were felt in 
Yokohama. Had Mr. Pereira been provided with a proper 
instrument, or had he had the assistanee of other observers, it is 
probable that he might have reeorded a still greater number of 
this partieular kind of disturbanee. 

I. 

Shoeks whieh shook a large area of eountry and the whole 
of Tokio : — 

Th« No. of thb PtRiOD iN AvBiuot Arka Sharkn 

Shogk. Skgonos. Pkriod. in Sg. Ri. 

2 2 I.l 1362 

16 1.5 1.25 2260 

19 6 — — 

83 3.7 2 3440 

60 1.2 7 4060 

66 8 77 5080 

Average 1.33 76 3240 
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II. 

Shoeks whieh shook a large area of eountry, but whieh only 
shook the hilly part of Tokio : — • 

Thb No. or Pbriod in Aybraok Arka Shakkn 

THB SUOGK. SbCOND8. PlRlOD. IN Su. Rl. 

I 2.4 2.5 1460 

3 — — 670 

7 1.2 1.66 1710 

12 5 — — 

17 — — 720 

28 1.8 1.3 1480 

32 — — 180 

34 1.4 1.4 1680 

35 — — 730 

36 2.4 2.2 2630 

38 2.1 1.4 9670 

40 — — 160 

41 — — 880 

46 — — 170 

48 3-^ 2.5 5220 

50 — — 580 

51 — — 580 

52 — — 690 

53 » 2 — 520 

54 — — 1470 

55 8 — 1990 

56 8 — 1990 



Average 1.52 1.85 1680 

Froni the above tables, whieh give the period and area shaken 
byeaeh of these shoeks, wesee that the shoeks whiehdisturbed 
the whole of Tokio had on the average at the same time eaeh 
shaken a mueh larger area than rhose whieh were only notieed 
on the high ground. 

Purlher, those whieh were felt by the residents on the low 
ground had on the average a mueh shorter period than those 
whieh were only felt on the high ground. 

This latter observation may explain why so many shoeks 
are not reeorded on ihe low ground. 

Another expIanation is that in many instanees a vibratory 
motion passing beneath Tokio may only reaeh the surface 
where the superineumbent soft materials are thin, that is upon 
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the hills, — the relatively thiek deposit of soft material on the 
low ground absorbing the motion like a buffer. 

There were 19 shoeks whieh the instruments at the Imperial 
Observatory did not reeord. Out of the 19, however, 8 dis- 
turbanees had been felt by one observer only, and therefore we 
eannot say with eertainty that there were more than 1 1 shoeks 
whieh the Gentral Observatory falled to observe. On the 
other hand, there were 10 shoeks reeorded at the Observatory 
whieh were not observed by any of the 134 observers in the 
eity. The most probable reason why 1 1 earthquakes were un- 
reeorded at the Observatory is beeause these disturbanees were 
too limited in area to reaeh ihe Ghiri Kioku. One eonelusion 
we ariwe at is that a set of Seismographs loeated at the obser- 
vatory in a eity like Tokio, no matter how carefully they may be 
looked after, eannot be expected to reeord more than 80 per 
eent. of the total number of earthquake$ felt in that eity. 

Another eonelusion resulting from these observations is that 
residents on the high ground upon the Western and Northern 
sides of Tokio feel more earthquakes than residents who 
live upon the low ground towards ' the South and £ast. One 
explanation of this may be that the movement upon the low 
ground is slower than that on the high ground, but to plaee 
this explanation on a more eertain foundation it is neeessary to 
make instrumental observations. 

A eertain number of earthquakes, however, appear to have 
originated beneath the high ground in the Kojimachl-Akasaka 
distriets, and do not appear ever to have extended to the low 
ground. This fact will always make the high ground dis- 
turbanees more numerous than those felt upon the low ground. 
When I was resident within the area of loeal disturbanees 
near Toranomon I eame to the eonelusion that these loeal 
shoeks might in many instanees be recognized by thelr 
eharaeter, whieh is that of a small but sudden little tip from 
beneath, the vibrations, whieh only eontinue 2 or 3 seeonds» 
eausing hanging lamps to oseillate vertically. 
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So far as safety is eoneerned, I am yet of opinion that the 
high and hard ground is better than the low soft ground, on 
whieh earthquake motion, when it is felt, is always greater than 
it is upon the high ground, and where destrnetion has almost 
always been relatively excessive. 



REPORT ON EARTHQUAKE OBSERYATIONS 
MADE IN JAPAN DURING THE YEAR 1886/ 



(A Translation^ with Prkpatory Notk and Grnkral 
Obskryations, by John Milnk.) 

. [RtAD January a^TU, 1889.] 

Prkpatory Notk. 

The folIowing paper is praetieally a translation of a report 
published by the Meteorologieal Gentral Observatory in Tokio, 
Japan. It was drawn up by Messrs. Wada, Outska, Asakusa, 
and Mayeda, officers 'in eharge of the office where earthquake 
observation receives speeial attention, under the general super- 
vision of Mr. Arai Ikunosuke, Ihe Direetor of the Observatory. 
The analyses in the first portion of the report refer to observa- 
tions made at some 650 stations in various parts of the empire, 
from whieh after eaeh earthquake a report is sent to the 
Gentral Observatory. From the reports on a given earthquake 
a map is drawn showing the area over whieh it extended. 

The seeond portion of the report eontains the analyses of 
earthquakes reeorded by instrumenls during eleven years at 
the Gentral Observatory. 

For the eommeneement of the general observations in the 
Japanese Empire, readers may refer to Trans. Seis. Soe, Vol. 
VII., Part II. ** On 387 earlhquakes observed during two years 
(1881-1883) in North Japan, by John Milne." In 1885 this 
elass of observations was taken up by the Imperial Meteorolo- 
gieal Observatory and the results of the work for that year were 
published by Professor S. Sekiya in Trans. Seis. Soe, VoI. X. 
pp. 57-82. Anoiher paper bearing on this subject is on ** The 
distribution of Seismie Activity in Japan," by J. Milne, Trans. 
Seis. Soe, Vol. IV. Analyses of instrumental reeords made in 
Tokio by the Imperial Meteorologieal Bureau are to be found 
in several voIumes of the Transaetions of the Seismologieal 
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Soeiety, one very suggeslive paper belng '* Earthquake Fre- 
quency,'' by C. G. Knott, D.Se. (Trans. Seis. Soe, Vol. IX., 
Part I., p. 1-20). 

The areas of dislriels shaken are given in square ri (i 
square rt = 5.95 square miles). 

Frkqukncy of Earthquakes. 

The total number of earthquakes whieh oeeured during the 
year 1886 was 472. This amounts to a daily average of 1*3. 
In 1885 then were 482. A map has been eonstrueled from 
this total number of earthquakes with the object of showing 
the comparative frequency of earthquakes in different distriets. 
(See Plate i.) As in the former report, a deep shade of 
eolour shows the distriets where earthquakes were most fre- 
quent, while lighily shaded portions are the distriets where 
they were less frequent. The figures attaehed indieale the 
number of earthquakes that oeeurred at that spot during the 
year; for instanee 55 in the map means that there were about 
55 shakings at that distriet. The 'distriets where earlhquakes 
were most frequent were Shimotsuke,Musashi,Nemuro,Hitachi, 
£chigo,as in thelastyear. Shimotsuke was the highest,being6i. 
Next in order eame Shimosa, Kushiro (eastern part) Kii, Iwaki, 
Shinano, Mutsu, Kadzusa, Rikuzen, Kodsuke, Kai, Rikuehiu, 
lyo, Satsuma (eastern part) Iwashiro, Ugo, Sagami, Idzumo, 
Mino, Hiuga, Bungo, Iwami, Chikuzen (named in the order 
of frequency). Several other provinces not mentioned in the 
above felt from i to 5 shakings. As no report was sent in 
from the portions left white in the map, that is the western part 
of Kushiro, Iburi, and Oshima, eastern part of Ishikari, and 
Iburi, southern part of Shiribeshi, the whole of Hidaka, 
Tokaehi, Teshiro, Kitami, and Kaga, eastern part of Hakase, 
western part of Omi, eentral part of Harima, Inaba, Hoki, 
Minasaka, norihern part of Idzumo, Oki, eastern part of 
Sanuki, eentral part of Awa, eastern part of Tosa, north-west- 
ern part of Satsuma, and Tsushima, together with small islands 
surrounding the eoast of the main land, we eannot say any- 
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thing deHnite about these distriets. As \ve have remarked in 
the reports of the last year, we eannot at onee eonelude from 
sueh results that there were no earthquakes in those distriets. 
Wemay, however, say ihat there was not mueh difference from 
the result of the previous year, and that the distriets neigh- 
bouring the Japan Sea felt few or no earthquakes, and sueh 
as may have oeeurred were too feeble to be recognized with- 
out instruments. The ranges of mountains forming the baek- 
bone of the mainland, passing between Tosan, Hokuriku, 
Sanin, and Sanyo, seem to divide ihis eountry into two 
portions, one of whieh is eonstantly shaken while the other 
is almost undisturbed. The fact ihat we received no report 
from these dislriets may be taken as a proof of the absenee of 
seismie disturbanee, but there are many doubts about the 
northern part of Hokkaido. Even in other distriets there may 
have been many earthquakes whieh have not been reporled to 
us. Very often feeble shoeks whieh oeeurred during the day 
when people are engaged at work, or at night when sleeping, or 
at the lime of strong winds, pass by unobserved. To speak 
definitely about the frequency of earthquakes fuller observations 
are required. 

Relations of Earthquakes to Skasons. 
Earthquake seasons are not well defined. The foIIowing 
table shows the monthly number of earthquakes in 1885 
and 1886:— 

Aykragb ur 

1885. 1886. TWO Y«ARS. 

January 32 38 350 

Pebriiary 44 39 41.5 

Mareh 37 49 43.0 

April 37 38 37.5 

May 51 58 54.5 

Ju"e 46 30 38.0 

J«'iy 32 36 34.0 

Aiij»iisl 30 46 38.0 

September 45 41 43.0 

Oeiober 41 33 37.0 

Noveinber 47 22 34.5 

Deeember 40 42 41.0 



Tolal 482 472 477.0 

Moiulily aveiage. 40.2 39.3 39 75 
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As will be seen from the table, the total number for 1886 
is 472, and the monthly average is 39*3. The number in 
February is almost equal to this average. Those in Mareh, 
May, August, September, and Deeember are above the 
average, while those in January, April, June, July, Oetober, 
and November are below it. The two highest are in May 
and the lowest in November. The month of the highest 
number is the same in the two years, but that of the lowest 
number is different. 

If we divide this number of earthquakes into four seasons, 
we have : — 

AVERAGB OF 

i88j. f886. Twu Ybars. 

Sprin^(3-S) 125 I45 1350 

Summer (6-8) 108 112 iio.o 

Autumn (9-11) 133 96 ii4'5 

Winter (12-2) I16 I19 I17.5 

Tolal 482 472 477-0 

Average 120.5 I18.0 119-25 

As in the list, the average number of earthquakes in a season 
was 118, and thosein spring and winter were above the average 
while those in summer and autumn have been below it. The 
highest was in spring and the lowest in autumn. In many 
respeets this is diflerent from the observations of the last year. 

Dividing the same observations intowarm and eold seasons, 
we have : — 

i88j. 18S6. Mbans. 

Winter (10-3) 241 223 232 

Summer (49) 241 249 245 

Total 482 472 477 

Average 241.0 236.0 238.5 

We see from the list that the mean of a season is 236 for 
1885, and the number in summer months is greater than the 
mean while in winter months it is less. The difference be- 
tween the two seasons is 26. In 1885 the number was eqaal 
in the two seasons. 

N.B. — The number of earthquakes for 1885 in this report is 
different from those whieh were given already in the report 
of last year. This difEerence results from the addition of 
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reports received later and eorreetions of errors in the former 
report. The numbers in this report may be takea as eorreet. 

TiME 0F OccurrenceXof £arthquakes. 
The lollowing table shows the number of earthquakes for 
1885 and 1886 whieh oeeurred at different hours of the day: — 

TiaiB A.M. Jan. Pbb. Mar. Apr. Mat Junb July Auo. Sbp. Oer. Nov. Dbc.Total 

1... U... ^«.a £»*» ^a.. ^••« \j m * % t^» % * ^*** W.^. A^.. «L . . . «L ■ . . 33 

A 4B... ^.•. /•.« 3 * * * ^ • . • ^ • . • V ... 3 * " * • • • ^k . • ■ V. •■• £ % % % £••• 3^^ 

•~^" 3*** "^»*' »3**" »•*• 3*** O... ^..« ^■..^^■••«^••^ !•■• 3*** »5*'* O 

3~~* 4"* 4*** 4"** 3*" 4*** 10. •• o..^ 4*** 3*** o*** 3*** 4*** 4*** 4^ 

tL *^^ O*** •••• ^* . * ^ • • • 3 * * * * * 4* ** '•*. ^B.. O*** ^**. &.•• £•.. ^ M 

3"^ o^.. 2... I... 7"> 2..^ 10... o^.. 4*** 4*** !••• o... 3*^* o... 40 

V y... ^..a .b... £,», 3*** 4*'* l.*» ^••. iS... ^».. ^^^. I... 5**' 34 

Y"^"" o... 3*** '••• O*** Ll^^. 3*** O*"* ^••. 4... X... 3*** 5*** o*** o3 

o — 9... 4*** 3"* 3*** 4**' 4*** ^*** 4*** 3*** ^... i... i... 2... 40 

w 10... ^... 4*** 3*** o*** '... o^^. 2... 2... 3*** 4*'* ^••* I... 39 

AU 11... V... w... ^.•. ^... U... jS..« X... 1... ^... jS».. a... O*** O 

Ii~~~i2... 2... 3'"' 3"* 4*** 0... 4**^ 4**- 2... 4*** 3"* 3*** ^*** 44 

P.M. 
O X... m % t% iS... L... X... X**> Xa.. 3*** ^ • »* yJ f o*** '■••• Z..« ^O 

I ' ■ 2... 2^.^ 4'*^ 4*** 3*** 'O^.. 3*** 2... 3^** 4*** o... 3«<. 3*** 49 
<* ^^" o'** "••• ••«. (^••. o*'* o'** 3'*' *'••• ^••. 3'*' 3**' 3*** 4**' o 

O ^•.. X.». o*** •••. o*** ^••. «•.. ^•.. o*** *T' ' * *•«• *... ^^^* 00 

^ ^*.. £ % * m ^••. \J... ^... O*** O*** ^*.. ^... At^. X^«. ^••^ ^..« iw w 

^""~ V ... ^••^ O... o*^* ^... o**^ o*'* "..• "... *••• U^,. Lr... X... ^W 

V# g m m » ^..« £ , m » ^m » » \m • m <^... O*** O*** O*'* ^'••^ ^^ •• *••• ^•.. .Sy 

j o.^. 3*** o*** *••• •^».. *... o*** o*** ^»"* ^•.. o*** o*'* 3*** «39 

o~~~* 9^.. i... 2... 3*" 4*" 0... 2... 4*** 4*" 4*** 5*** o... 7... 3^ 

9 "lo. . . 2... 2... 4*'* !.•• o*** 3*'* 2... 4'** Oi.* 3'" o*" o... 43 

10 II... o... 9... 7*** ^*** 3*" o"* '•*• 4*** o... o... 4«*^ 9*" S^ 

1 X "* X^a.. o*** v>.. o*** ^•.. iB... i^^.. X... y... ^..« 3**' 4**' o**' 44 

Total ...70 83 86 75 109 76 68 76 86 74 69 82 954 

Mean number per hour=40. 

Thus we see f rom the table that the number of shakings at 6 

and 9 a.m. is equal to the mean number or 40. Those above 

the mean are at 3 and 4 a.m., noon, 2, 3, 9, 10, 11, p.m., and 

Aidnight. Those below the mean are at i, 2, 5, 7, 8, 10, 11, 

a.m., I, 4, 5,6, 7, 8, p.m. Those hours having numbers below 

the mean are more than those above it by 4. The maximum 

was at 3 a.m., and the minimum at 1 1 a.m. The same number 

of 44 is at noon and midnight, and 40 at 6 and 9 a.m. 39 at 

10 a.m., 7, 4, 8, p.m. 33 at 8 a.m. and 4 p.m. In short, there 

were many more earthquakes at p.m. than at a.m.; the 

difEerence being 26. AUhough at noon and midnight the 
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«arthquakes were equal in number, yet ii a.m. was the least of 

all while 1 1 p.m. was the highest but one. When we eompare 

the number of earthquakes by day and by night, taking 6 o*clock 

as the limit of day and night, there were 86 more earthqnakes 
in the latter than in the former. 

How the oeeurrenee of earthquakes are related to day and 
night or the hours of the day, we eannot say definitely. 

Area of Seishig Disturbances. 

Although some seismie disturbanees are of only small extent, 

yet there have been others extending over several thousand 

square ri^ as mentioned in the report of the last year. In the 

following table the number of square ri shaken every month 

in i886 together with the area shaken in the previous year is 

given : — 

ToTAL Area. Mean Arba per Shogk. 

l88j. l886. AVBRAGI. 1885. 1886. AvfRAOB. 

Square ri» Squ2ire ri^ Square ri, Square ri, Square ri, Sq. ri, 

Jan 10,020 ... 3,240 ... 6,630 ... 370 ... 80 ... 195 

reb 16,980 ... 5,550 ... 11,265 ••• 390 ••• 140 ••' 2^5 

Mareh...... 7,320 ... 4,810 ... 6,065 ... 200 ... 100 ... 150 

April 4i75o ... 12,480 ... 8,615 ... 130 ... 330 ... 230 

May 10,380 ... 15,380 ... x2,88o ... 200 ... 260 ... 230 

iune 15,890 ... 5,oSo ... 10,485 ... 370 ... 170 ... 270 

uly 9.170 ... 10,490 ... 9,830 ... 290 ... 290 ... 290 

Aug 6,060 ... 10,820 ... 8,440 ... 210 ... 230 ... 220 

Sept 4,570 ... 9,500 ... 12,035 ... 320 ... 230 ... 275 

Oet 21,340 ... 3,860 ... 12,600 ... 520 ... 120 ... 320 

Nov 4,i20 ... 2480 ... 3,300 ... 80 ... iio ... 90 

Dee I1I70 ... 8,360 ... 10,030 ... 290 ... 200 ... 245 

«MM^M^IMMaW ^^^HM^B^HM M-^*MMa^M ^^^HM^B^HM tW^MMMMMM ^H^^^MWi««W 

Total 132,300 ... 92,050 ... 112,175 ... 2,310 ... 2,260 ... 2,785 

Average.. 11,025 ... 7,671 ... 9,348 ... 276 ... 189 ... 232 

Thus the total of the area shaken in 1886 was 92,050 square 
ri, whieh gave the monthly mean of 7,671 sq. ri or 189 sq. 
ri per shoek. In the same year there were 66 earthquakes 
whieh exceeded the mean value of 189 sq. ri. Gompared 
with the last year, there were 40,250 sq. ri less area shaken, 
3,350 sq. ri less in the monthly mean, 87 sq. ri less the mean 
area per shoek, and 30 earthquakes less whieh exceeded the 
mean value. 

N.B. — ^The total area shaken this year was 92,050 sq. ri 
whieh is 3.8 times larger than the total area of this eountry or 
24>352 sq. ri (exclusive of many small islands and Looehoo). 
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The [ollowing table shows the number of earthquakes shak- 
ing diSerent area in diSerent months during 1885 and 1886 : — 
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It will be s^en from the above table that out of all the 
earthquakes whieh oeeurred during 1886, 349 shoeks were 
loeal, shaklng less than 100 square ri^ 104 shoeks extended 
over more than 100 square r/, and 19 had wider extension 
than 1,000 square r/. Of the latter only one extended more 
than 5,000 square ri, 

In eomparing these observations with those of last year, we 
see that of earthquakes having an area less than 100 square ri^ 
there were 40 more in this year ; of those shaking more than 
100 square r/there were ^^less, and of those wider thari 1,000 
square rt there were twiee iess. In general we must say that 
in 1886 there were many earthquakes of a loeal nature and 
comparatively few whieh shook a large area. 

DlSTRIBUTION 0F SkISMIG DiSTURBANGES. 

We have already stated in our last report that the distriets 
8ubject to seismie disturbanees are not eonstantly fixed. 

There were eonsiderable ehanges observed in Eehigo, Shi- 
nano, Mutsu, Kai, and Kadzusa, while all other parts were 
not materially different from what we had in 1885, although 
there were some differences in the number of shoeks observed. 

The distriets most frequently affected by earthquakes in 
this year were Shimotsuke, Musashi, Hitaehi, and Shimosa. 
Next follow Nemuro and Kushiro, after whieh eome Eehigo, 
Iwaki, Shinano and Mutsu. 

As to Shimotsuke, Musashi, Shimosa, and Hitaehi no great 
difiFerences were observed as eompared with lastyear, Fifty-five 
shoeks were reported. The same was ihe ease with Nemuro 
and Kushiro where they had 20 and 40 shoeks. The same 
was the ease in Kii. 

In Eehigo and Shinano the number of earthquakes in this year 
was mueh inereased ; in 1885 there were 3 earthquakes in Eehi- 
go and 9 in Shinano, while in 1886 there were 31 in the former 
and 19 in ihe latter. On the eontrary, we had a deerease in the 
number in Mutsu, Kadzusa, and Kai. The inerease in the num- 
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ber of earthquakes in Eehigo and Shinano was due to the strong 
shoeks whieh oeeurred on July 23rd and several small ones 
whieh followed them. Yet we eannot deeide from these facts 
that those distriets are seismie regions, whieh now and then 
esperienee severe shakings. Mutsu, Kadzusa, and Kai, al- 
though they were less frequently disturbed this year than dur- 
ing the last, were shaken mueh more than the adjacent 
provinces. The eontinual sueeession of disturbanees in these 
provinces leads us to think that they are truly seismie regions. 

There were more than 10 earthquakes in lyo and Satsuma, 
the former being more frequently disturbed and the latter less 
frequently than during last year. We are not eertain that lyo 
may be taken as a seismie region, but we may take Satsuma as 
sueh, for there it appears that earthquakes are always frequent. . 

As in the last report the number of earthquakes felt in eaeh 
province is given in the following table : — 



No. 0F EaRTHAUAKES 0F DIFFEIIBNT INTBNSITY. 



Name of 
Provincc. 

Sliimotsuke 



Musashi . 
Nemuro . 
Hitadii . 
Eehigo . 
Shimosa . 
Kushiro . 

Kii 

Iwaki .... 
Shinano . 
Mutsu.... 
Kadzusa, 



Year. 
1886 
1885 
1886 
1883 
1886 
1885 
1886 
"1885 
1886 
1885 

i88d 
1885 
1886 

1885 
1886 
•1885 
1886 
•1885 
1886 
1885 
1886 

•1885 
1886 
1885 



Ntimber of 
Earthqiiakes. Strong. 

.... I .... 



61 

58 

54 
68 

43 
33 
33 
36 

31 

3 

28 

40 

23 

15 
22 

18 

19 

19 

^9 

9 

15 
26 

14 
22 



I 
I 
2 
I 

4 
I 

o 

3 
I 

o 

o 

4 
I 

I 

o 

o 

I 

2 
O 
O 

2 
O 
O 



Weak. 

. 5 . 
. 18 .. 

. 15 . 
. 18 ., 

. 15 . 
. 22 ., 
. 23 ., 

. 8 . 
. 7 . 

. 17 . 
. 15 . 
. 13 . 
. 8 . 

. 6 . 

. 7 . 
. 16 . 

. 13 . 
. 14 . 

. 5 . 
. 6 . 

. 8 , 

. 4 . 

. 4 . 



Peeble. 

55 
39 
38 
48 
27 

7 
28 

9 
21 

II 

25 
6 

6 

15 
II 

3 

5 

3 

4' 

9 
16 

10 

18- 
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No. OP EARTHaUAKES 0F DIFFBRBNT INTENSITY. 



Name of 
Province. 



Rikuzen ., 
Kodzulce 

Kai 

Rikuehiu 

lyo 

Satsuma 
Iwashiro 

Ugo 

Sagami . 
Idzumo . 
Mino .... 
Hiuga .... 
Bungo.... 

Iwami 

Chikuzen 

Aki 

iosa .... 
Uzen .... 

Ise 

Mikawa . 
Hizen .... 
Tanba.... 
Owari .... 
Nagato . 
Suwo .... 



Year. 

886 
885 
886 
885 
886 
885 
886 
885 
886 
885 
886 

885 
886 
885 
886 
885 
886 

885 
886 
885 
886 
885 
886 
885 
886 

885 
886 
885 
886 

865 
886 
885 

SSb 

885 
886 

885 
886 
885 
886 

885 
886 

885 
886 
885 
886 
885 
886 
885 
886 
885 



Number of 
Earthquakes. Strong. Weak. Peeble. 

12 3 5 4 

16 o II 5 

II 2 6 3 

II o 10 I 

II 2 4 5 

21 6 6 9 

10 o 6 4 

9 4 4 I 

10 3 6 I 

3 o 2 I 

10 o 6 4 

10 I 4 5 

9 o 6 3 

5 o 3 2 

8 2 2 4 

3 o 3 o 

8 I 3 4 

15 I 13 I 

7 o 5 2 

4 o 2 2 

6 •. o 4 2 

13 3 8 2 

6 o 3 3 

5 o I 4 

6 I 2 3 

2 o 2 o 

6 o I 5 

2 o 2 o 

6 o 4 2 

I o I o 

5 o I 4 

5 o 2 3 

5 2 3 o 

3 I 2 o 

5 I 3 I 

, 7 o 6 I 

S o 3 2 

7 o 3 4 

4 o I 3 

10 o 3 7 

4 o o 4 

3 o 2 I 

4 o 3 I 

7 o 4 3 

3 o 2 I 

8 o 2 6 

3 o 2 I 

5 o 3 2 

3 o 3 o 

«> o I 4 
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No. 0F EARTHttUAKES OF DIFFBRENT INTENSITY. 



Name of 
Province. 



Buzen 

Harima ... 

Settsu 

Osumi 

Oshima ... 
Ecliizen ... 

Noto 

Awa 

Kawaehi... 

Iga 

Tolomi ... 

Elehiu 

Iburi 

Higo 

Suruga ... 

Awa 

Yamalo ... 

Yamashiro 

Oumi 

Oiisliima 

Bizen 

Ghikugo... 

Ishikari ... 

Shiribeshi 

Idzumi ... 



Year. 

886 
885 
886 
885 
886 

885 
886 

885 
886 
885 
886 
885 
886 

885 
886 
885 
886 
885 
886 

885 
886 
885 
886 
885 
886 
885 
886 
885 
886 

885 
886 
885 
886 
885 
886 

885 
886 
885 
886 
885 
886 
885 
886 
885 
886 
885 
886 

885 
886 
885 



Number of 
Earthquakes. Strong, 



3 
I 

3 
2 

3 
5 
3 
5 
3 
9 
3 
4 
3 

3 

9 

3 
2 

3 

3 
2 

5 
2 

2 

7 
2 

4 
2 

8 

2 

7 
2 

5 
2 

5 
2 

6 

2 

6 

2 

I 

I 

I 

I 

4 
I 

2 

I 

2 



I 

o 
o 
o 
o 
o 
o 
o 
o 

2 

o 
o 
I 

o 
I 
I 
o 
o 
o 
o 
o 
o 

o 
I 
o 
o 
o 
I 
o 
o 
o 
o 
o 
o 
o 
o 
I 

2 

o 
o 
o 
o 
I 
I 
o 
o 
o 
o 



Weak. 

. I .. 

. I .. 

. 2 ., 

I .. 

. I .. 

. I .. 

. 2 .. 

• 3 ■ 

. I .. 

. 5 . 

I .. 

. 2 . 

. 2 .. 



Peeble. 
1 



3 
8 

I 

2 

o 

2 

o 

4 
o 

I 

4 
2 

3 
I 

2 

2 

2 
2 

4 
o 

4 
o 

I 

o 

I 

o 

o 

I 

o 

o 

2 
I 
2 
I 
I 



O 
I 
I 
2 

4 
I 

2 
2 
2 
2 
2 
O 

O 

o 
I 

O' 

3 
I 

2 

I 

2 

I 

2 
o 
I 
I 

5 
o 

5 
o 

I 

2 
I 

2 

5 
I 

3 
2 

I 

o 

I 

o 

I 

o 

o 

o 

i 
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*• No. 0F EARTHaUAKES 0F DIFFERENT INTENSITY. 



► • 



Name of 
Province. 



Bilehiu ... 

Bingo 

Wakasa ... 

Sado 

Hida 

Tango 

Idzu 

Awaji 

Iki 

Shima 

Hidaka ... 

Hoki 

Teshio 

Mimasaku 
Total 



Year. 

1886 

1885 

1886 

■1885 

1886 

1885 
1886 

1885 
1886 

■188S 
1886 

1885 
1886 

"1885 
1886 

"1885 
1886 

1885 

]886 
■1885 
1886 
1885 
1886 

1885 
1886 

1885 
1886 

1885 
1886 
1885 



Number of 
Earthquakes. Strong. 



• • • • • 



I 
2 
I 
I 
I 

3 
I 

I 

3 
I 

I 

I 

5 
I 

2 

I 



4 
3 



I 

659 



o 
o 
o 
o 
o 
o 
o 

I 
o 
o 
o 
I 

2 

o 
o 
o 



o 



o 

38 

40 



Weak. 

. O ., 

. o ., 

o .. 

. o ., 

., 
. o ., 

1 .. 



o 
I 
I 
o 
o 

2 
I 
I 
O 



• • « • • 



Peeble. 
I 

.. 2 
I 
I 
I 

•• 3 
O 



o 

2 
O 
I 
O 
I 
O 
I 
I 



O 



I 

253 
294 



o 

.305 
325 



Intknsity of Earthquakks. 

As we have stated in the report of last year, the intensity 
of earthquakes was quile variable. The provinces whieh felt 
strong earthquakes were Kushiro and Rikuzen, where there 
were 6 strong shoeks; next eome Musasfii, lyo, Hitaehi, 
Eehigo, Shinano, Iwaki, Shimotsuke, eaeh of whieh felt 3 to 
5 shoeks. Nemuro, Ugo, Iwashiro, Shimosa, Kodzuke, Kai, 
Tosa, Ghishima, Mutsu, Rikuehiu, Uzen, Noto, Sagami, Id^u, 
Hida, Owari, Kawaehi, Kii, Suwo, Buzen, Bungo, and Hizen 
faad I or 2 strong shoeks. Above all, the strongest earthquake 
was one whieh oeeurred on the 23rd of Ju]y in the provinces 
of Eehigo and Shinano, where more or less damage was done. 
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(See plate III., map 3, and also the speeial reeord of that 
earthquake hirther on.) 

PosmoNS 0F Skismig Origins. 
To know the ex^ct positions of earthquake origins is rather 
a hard task, but a few remarks may be made as to their ap- 
proximate positions. 

The 472 shoeks whieh were felt during this year have been 
grouped aeeording to their approximate origins, whieh are 
indieated by small eireles in Plate II. The figures enelosed 
within the eireles mean that the spots so indieated were so 
many times approximateIy the origins of earthquakes. For 
instanee "^i written within a eirele means that within that eirele 
72 shoeks originated. We are not, however, in a position to 
iirmly assert that all the shoeks of whieh we speak have neees- 
sarily originated within the spaees enelosed by eireles. 

There may be many shoeks whieh eame from origins more 
than lor/outside of a eirele, espeeially perhaps those whieh 
had their origins under the s^a. 

In this year, the seismie origins in the mainland were at 
its eentral part, or between Tokaido and Hokurokudo. Those 
in Hokkaido were under the sea to the east, while in the 
western part they were near the eoast. 

Thus seismie origins were either inland, on the eoasts or 
under the sea. 

There \ik\^ 228 shoeks whieh may be traeed to origins on 
the eoast or under the sea, and they were usually extensive in 
their effect, while ihose originating benealh the land were 244. 
These latler merely eaused limited disturbanees. 

The seismie origins whieh eaused the widest disturbanees 
were stalioned eilher under the sea off the eoasts of Hokkaido, 
Mutsu, Rikuehiu, Rikuzen, Iwaki, and Hitaehi, or on the 
eoast itself. These earthquakes extended over an area of from 
3,900 square ri to Si700 square ri, 

The origin whieh gave rise to the most numerous shoeks 
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was wiihin Shimotsuke, Musashi, and Hitaehi, where there 
were 72 shakings. The next was in Eehigo and Shinano, where 
there were 52 shoeks. Yet of these earthquakes, no one ez- 
tended over more than 550 square r/. Jn eomparing the 
intensity of earthquakes, there were 23 strong shoeks whieh 
originated under the sea or on the eoast and 19 strong shoeks 
on the land. 

Besides these there were several other iinportant seismie 
origins whieh are inserted in Plate II. The following will 
show the number of shoeks eoming from different origins : — 

From origins under 
the sea or on the From origins beneath Total 

eoast. the land. number. 

Disturbanees extendiiig 

over a wide area 15 ^ 11 26 

Dishnbanees extending 

over a limited aiea... 50 70 120 

Disturbanees extendin^ 

over a sniail area 163 163 326 



Tolal 228 244 472 

RkLation of Earthquakes to Volcanoks. 

On enquiring into the relation of earthquakes to voIcanoes 
we find that there were, as last year, many earthquakes felt 
in Musashi, Kazusa, Shimosa, Kodzuke, Shimotsuke, and 
Hitaehi wliieh are almost enelosed by ranges of voIcanoes. 
There were, however, many earlhquakes also in Kii, whieh is 
quite apart from any volcanoes. Among those provinces 
having voIcanoes, Mutsu is . in its northern parts the one most 
frequenlly shaken. There are also many provinces where there 
are volcanic peaks, but where no earthquakes have been felt. 
This is the same as last year, but a difference is that a severe 
earthquake eausing eonsiderable damage originated at the 
boundary of Eehigo and Shinano where there is a range of 
Yoleanoes but where no earthquakes were felt during the last 
year. (See plate III. map 3 and the reeord for July 23rd.) 
After this earthquake there were several small ones, giving a 
total of 31 shoeks for Shinano. 
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There are some vo1canic distriets whieh were comparativeIy 
free from earthquakes, while in other plaees where no volcano 
ezists there have been felt quite a number of earthquakes; 
other plaees again are at onee free from earthquakes and 
Yoleanoes ; some distriets quite elose to a volcano were eon- 
stantly shaken. These being the facts, w& eannot hastily 
assent to a theory that attributes the frequency and intensity of 
earlhquakes to the presenee of volcanoes. The situation of 
Yoleanoes is indieated by A^ or ^ on the mapof Plate I. The 
Yoleanoes marked (\^ are active ones whieh are sending out 
smoke at present or whieh are reeorded to have been in erup- 
tion within historie times. Those marked ^ are extinct voI- 
eanoes whieh are only inferable as sueh from geologieal reasons. 

On thk Monthly occurrence of £arthqukks. 

As the seismijc eonditions of this year as a whole have 
already been explained in the preeeding pages, the follo\ving 
will be devoted to a deseription of the earthquakes whieh have 
oeeurred during successive months. 

JANUARY. 

The total number of earlhquakes in this month was 38» 
whieh was at the rate of i shoek every i^h. 34m. 

The dislriets disturbed were Nemuro in Hokkaido, Mutsu, 
Rikuehiu, Rikuzen, Iwaki, Hitaehi, Kadzusa, Shimoba, Musa- 
shi, Shimotsuke, Shinano, Totomi, Mikawa, Kawaehi, Ya- 
mato, Kii, Seltsu, Idzumi, and Iwami on the mainland together 
with Satsuma in Kiushiu. 

The province shaken most frequenlly was Kii, where there 
were 4 earthquakes; next eame Musashi, Shimosa, and Riku- 
zen eachof whieh had 3 earlhquakes, and all the rest 2 or less. 

There were only 3 strong earthquakes felt in the 3 provinces 
of Kai, Totomi, and Rikuzen, all the others being weak 
or feeble earlhquakes. 

The total area of the distriets disturbed was 3,240 square 
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r/. There were lo earthquakes whieh disturbed more than 
loo square ri, and no one extended over i,ooo square r/, 

The one whieh eaused the widest disturbanee oeeurred on 
the 26th and extended from the eentral part of Rikuehiu to 
Iwaki, embraeing Rikuzen, or an area over 630 square ri. 

FEBRUARY. 

The total number of earthquakes during this month was 39, 
whieh was at the rate of i shoek every i^h. 39m. 

The distriets disturbed wereGhishima, Nemuro, Kushiro, Ishi- 
kari, Iburi, and Shiribeshi in Hokkaido, Ugo, Rikuehiu, Riku- 
zen, Iwaki, Kodzuke, Shimotsuke, Hitaehi, Kadzusa, Shimosa, 
Musashi, Sagami, Kai, Shinano, Mino, Kii, Harima, Iwami, 
and Nagato on the mainland, Tosa and lyo in Shikoku, toge- 
ther with Bungo, Hizen, Higo, and Satsuma, in Kiushu. 

The province most frequently shaken was Nemuro, there 
being 5 shoeks; next eame Hitaehi, Shimosa, and Shimotsuke 
whieh had eaeh 4 siioeks, and all the rest had 3 or less. 

There were 4 strong earthquakes, whieh oeeurred in Shinano, 
Ishikari, lyo, and Musashi. All the others were either weak 
or feeb]e earthquakes. 

The total area of distriets disturbed by earthquakes was 5,550 
square ri. There were 7 earthquakes whieh disturbed more 
than 100 square ri. One whieh eaused the widest disturbanee 
was on the 24th. It extended over Kadzusa, Sagami, Kai, 
Kodzuke, Shimotsuke and Hitaehi, or an area of 1,740 square r/. 

MARGH. 

The total number of earthquakes whieh oeeurred during 
this month was 49, whieh was at the rate of i shoek in every 
i^h.'iim. • 

The distriets shaken were Nemuro and Kushiro in Hok- 
kaido, Mutsu, Rikuzen, Uzen, Iwashiro, Iwaki, Hitaehi, 
Kadzusa, Shimosa, Awa, Musashi, Shimotsuke, Eehigo, 
Suruga, Mikawa, Mino, Owari, Ise, Omi, £chizen, Tamba, 
Settsu, Kawaehi, Yamato, Idzumi, Kii, Harinia, and Idzumo 
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on the mainland, Awa in Shikoka, and Hizen and Satsuma 
in Kiushiu. 

• r 

The provinces most frequently shaken were Nemuro, 
Kushiro, Mutsu, and Kii, whieh had eaeh 4 earthquake8. 
Next eame Shimotsuke, Shimosa, and Musashi, whieh had 
eaeh 3, ane] all the rest had 2 or less. 

• 

There were 4 strong earthquakes, oeeurring in Rikuzen, 
Iwashiro, Kawaehi, and Kushiro. All the other earthquakes 
were feeble. 

The total area of the distriets disturbed was 4,810 square ri, 
there being 10 earlhquakes whieh extended over more than 
100 square ri, The largest disturbanee oeeurred on the 2nd, 
and extended over a region having Iwaki and Shimotsuke as 
the northern limit and Musashi and Awa as the southern 
Hmit, and an area of 790 square rt\ 

APRIL. 

The total number of earthquakes in April was 38, so that 
tbere.was on the average i shoek every i8h. 56m. 

The distriets disturbed were Nemuro and Kushiro in Hok- 
kaido, Mutsu, Rikuehiu, Rikuzen, Uzen, Ugo, Iwashiro, 
Iwaki, Hitaehi, Kadzusa, Shimosa, Musashi, Kodzuke, Shimo- 
tsuke, Eehigo, Shinano, Noto, £chizen, Ise, Owari, Mikawa, 
Totomi, Kii, Yamashiro, Wakasa, Tanba, Iwami, Aki, and 
Suwo on the mainland, lyo and Tosa in Shikoku, Bungo, 
Hiuga, and Hizen in Kiushiu. 

The provinces most frequently shaken were Iwaki, Shimo- 
tsuke, and Rikuzen, eaeh having 4 earthquakes. Next eame 
Hitaehi, Shimosa, Iwashiro, Mutsu, and Nemuro, eaeh hav- 
ing 3. AU the others had two or less. 

There were 7 strong earthquakes, of whieh 5 were felt in 
Ugo, Kushiro, Shimotsuke, Mutsu, and lyo; of the two 
others one extended over Rikuzen, Rikuehiu, Ugo, Uzen, 
and Iwaki, and the other over Eehigo and Kodzuke. . AU 
the rest were feeble. 
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The total area of ground whieh was shaken was 12,480 
square ri, There were 7 earihquakes whieh extended over 
more than 100 square r/, and 3 over more than 1,000 square 
ri, The largest, on ihe i^th, extended over Mutsu and Uga 
in the north-east and Musashi and Shimosa in the south, or 
over an area of 4,980 square r/*. 

MAY. 

The total number of earthquakes" felt during this month 
was 58, whieh is an average of i ^hoek for every I2h. 49^. 

The distriets disturbed were Ghishima, Nemuro, Kushiro, 
and Oshima in Hokkaido, Mutsu, Rikuehiu, Rikuzen, Ugo, 
Iwashiro, Iwaki, Kadzusa, Shimosa, Kodzuke, Shimotsuke, 
Awa, Musashi, Sagami, Hitaehi, Kai, Idzu, Eehigo, Shinano, 
Suruga, Mino, Owari, Echizen, Iga, Settsu, Yamashiro, Ya- 
mato, Kawaehi, Idzumi, Kii, Harima, Tanba, Aki, Suwo on 
the mainland, lyo in Shikoku, Awaji (island), Buzen, 
Chikuzen, Iki, Hizen, and Ghikugo in Kiushiu. 

The provinces most frequently disturbed were Shimotsuke> 
Hitaehi, Shimosa, and Musashi. Here there were from 8 
to II earthquakes. Next eame Kai, Chikuzen, Iwashiro, 
Kii, Kodzuke, Iwaki, Kushiro, Mutsu, Buzen, and Nemuro 
whieh had from 3 to 5 earthquakes. AIl the other pro- 
Yinees had only 2 or less. 

There were 8 strong shoeks, 4 of whieh oeeurred in the 
provinces Kii, Nemuro, Chishima, and Hitaehi. Of the 4 
others, one extended over Shimosa, Musashi, Shinano, Kai> 
Sagami, and Idzu, another over Buzen, Chikuzen, and Hizen 
the third over Hitaehi, Shimosa, Musashi, Kozuke, Shimo- 
tsuke, and Iwaki, and the last in Rikuzen. AU the rest were 
ieeble. 

The area of the distriets disturbed was 15,380 square ri\ 
13 earthquakes extended over more than 100 square ri and 4 
over more than 1,000 square ri*. The largest disturbanee 
oeeurred on the i6th, and extended over Hitaehi, Kozuke, Shi- 
motsuke, Kadzusa, Shimosa, Awa, Musashi, Sagami, Kai^ 
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Shinano, Eehigo, Iwaki, Iwashiro, and Rikuzen, or an area of 
3,110 square ri, 

JUNE. 

The total number of earthquakes felt during this month was 
30, or an average of i shoek every 24 hours. 

The distriets disturbed were Nemuro and Kushiro in Hok- 
kaidOy Mutsu, Rikuzen, Iwaki, Hitaehi, Kadzusa, Shimosa, 
Shimotsuke, Musaki, Sagami, Shinano, Kii, 6izen, Idzumo, 
Iwami, and Aki on the mainland, Awa, lyo, and Tosa in 
Shikoku, Buzen, Bungo, and Hiuga in Kiushiu. 

The provinces most frequently shaken were Musashi, Ku- 
shiro, and lyo, eaeh having 4 earthquakes. Then eome Hi- 
taehi, Shimotsuke, Nemuro, and Aki, eaeh of whieh had 3 
shoeks, all the rest having not more than two. 

There were 5 strong earthquakes ; two in lyo, one in Ne- 
muro and Kushiro, one in Tosa and one in Hiiaehi. AIl the 
other shoeks were feeble. 

Only one shoek disturbed more than i,cxx) square r/. The 
one whieh eaused the widest disturbanee was on the ^rd. It 
extended over Musashi, Kadzusa, Hitaehi, Iwaki, and Shimo- 
tsnke, or over an area of 1,010 square r/. 

JULY. 

The total number of earthquakes in this month was 36, that 
is on the average one shoek every 2oh. 4om. 

The provinces disturbed were Nemuro, Kushiro, and Oshima 
in Hokkaido, Mutsu, Rikuehiu, Rikuzen, Ugo, Uzen, Iwa- 
shiro, Iwaki, Hitaehi, Kodzuke, Shimotsuke, Shimosa, Musa- 
shi, Kai, Shinano, Eehigo, Noto, Sado, Etehiu, Mino, and 
Bingo on the mainland, Hiuga, Osumi, and Satsuma in 
Kiushiu. 

The province most frequently shaken was Eehigo, where 
there were 16 shoeks. Next eame Shinano, whieh had 8. All 
the others had two or less. 

There were 4 strong earthquakes, of whieh two oeeurred 
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in Kiushiu, one in Rikuzen, and one in Eehigo, Shinano, and 
Noto. All the other shoeks were feeble. 

The total area disturbed was 10,490 square rt; 4 shoeks 
affected more than 100 square n\ and 2 more than 1,000 
square r/. The one whieh eaused the widest disturbanee was 
on the 2nd ; it extended from Mutsu in the north to Kodzuke, 
Musashi, and Shimosa in the south, or over an area of 5,580 
8quare r/. 

AUGUST. 

The total numberof earthquakes during this month was 46» 
that is there was an average of i shoek every i6h. i^m. 

The provinces disturbed were Nemuro, Kushiro, and Oshi- 
ma in Hokkaido, Mutsu, Rikuehiu, Rikuzen, Eehigo, Kodzuke» 
Shimotsuke, Hitaehi, Kadzusa, Shimosa, Musashi, Shinano^ 
Mino, Etehiu, Noto, Hida, Iga, Ise, Kii, Tanba, Tango, 
Bizen, Bitehiu, Aki, Suwo, Nagato, Iwami, and Idzumo on the 
mainland and all over Shikoku and Kiushiu, except Osumi 
in the latter. 

The province most frequently shaken was Eehigo, where 
there were 12 shoeks. Next eome Musashi, Shimotsuke, Shi- 
nano, Hitaehi, Nemuro, and Mutsu, eaeh having 8 to 3 shoeks. 
'All the other provinces had only 2 or less. 

A strong earthquake was felt in Shinano and Eehigo, another 
in lyo, Tosa, Bungo, and Suwo, one in Eehigo, one in Hida, 
and one in Kushiro, making up 5 in all. All the others were 
ieeble. 

The total area af!ected by earthquakes was 10,820 square rt\ 
1 1 earthquakes extended over more than 100 square rt\ and z 
over more than 1,000 square ri, The one whieh eaused the 
widest disturbanee was on the lolh, extending over Shikoka, 
Kiushiu, and the western parts of the mainland, or over an 
area of 3,440 square rt\ 

SEPTSMBER. 

The total number of earthquakes during this month was 41, 
whieh gives an average of i shoek every i/h. 33^. 
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The provinces affected by earthquakes were Nemuro and 
Kushiro in Hokkaido, Mutsu, Riku^en. Rikuehiu, Uzen, 
Iwaki, Iwashiro, Hitaehi, Kadzusa, Shimosa, Musashi, Ko- 
dzuke, Shimotsuke, Kai, Sagami, Shinano, Eehigo, Mino, Kii, 
Tanba, Idzumo, Aki, Iwami, and' Nagato on the mainland, 
Tosa and lyo in Shikoku, Bungo, Satsuma, and Osumi in 
Kiushiu. 

The province most freqnently disturbed was Shimotsuke^ 
where there were 9 shoeks. Next eome Musashi, Eehigo, 
Hitaehi, Nemuro, Shimosa, and Iwaki, eaeh experiencing 3 to 
7 shoeks ; all the rest having not more than 2 disturbanees. 

There was only one strong earthquake, whieh oeeurred in 
Musashi ; all the others were feeble. 

The total area disturbed was 9,500 seiuare r/; 7 earthquakes 
exlended over more than 100 square ri, 4 over more than 
1,000 sqnare ri. The one whieh eaused the widest disturb- 
anee was on the 2ist. It extended over an area of 2,285 
square ri^ from Uzen and Rikuzen in the north to Kadzusa 
and Musashi in tlie south. 

OGTOBER. 

The total numberof earthquakes whieh oeeurred during this 
month was 33, whieh gives an average of i shoek every 22h. 
32m. 

The distriets disturbed were Nemuro in Hokkaido, Iwaki» 
Hitaehi, Kadzusa, Shimosa, Musashi, Kodzuke, Eehigo, 
Yamashiro, Kawaehi, Kii, and Harima on the mainland, Tosa 
in Shikoku, Bungo, Hiuga, Osumi, and Satsuma in Kiushiu. 

The province most frequenlly shaken was Shimotsuke, where 
there were 8 shoeks. Then eome Nemuro, Shimosa, Musashi, 
Kii, and Eehigo, whieh had from 3 to 5 shoeks, all the other 
provinces having only 2 or less. 

. There were no slrong earthquakes, all being feeble. 

The total area shaken was 3,860 square ri ; 8 shoeks extended 
over more than 100 square ri, but none exceeded 1,000 square 
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r/. The largest was on tbe i8th, extending over Satsuma, 
Osumi, Hiuga, and Bungo, or over an area of 820 square ri. 

NOYEMBKR. 

The total number of eartbquake5 during this month was 22, 
whieh gives an average of i shoek every 32^. ^Sm. 

The provinces disturbed were Nemuro and Osbima in 
Hokkaido, Mutsu, Rikuzen, Iwaki, Iwasbiro, Hitaebi, Kddzuke, 
Sbimotsuke, Kadzusa, Sbimosa, Musashi, Sagami, Eebigo, 
Mino, Owari, Mikawa, Ise, Kii, Tanba, and Idzumo on the 
mainland. No earthquakes were felt in Shikoku and Kiushia. 

Tbe provinces most frequently sbaken were Sbimotsuke and 
Hitaebi, eaeb having 3 sboeks. All the others had 2 or less. 

All tbe disturbanees were feeble. 

The total area of distriets disturbed was 2,480 square rt ; 

2 sboeks extended over 100 square rt, and tbere was only one 
exceeding 1,000 square r/. The largest was on tbe 22nd, ex- 
tending over Musasbi, Kadzusa, Hitaebi, Sbimotsuke, Iwaki, 
Iwasbiro, and Rikuzen, or over an area of 1,600 square r/. 

DEOKMBER. 

The tolal number of earthquakes during tbis month was 44» 
whieh gives an average of i sboek every i^h. 42m. 

The provinces disturbed were Netnuro. Kusbiro, and Iburi 
in Hokkaido, Ugo, Uzen, Mutsu, Rikuebiu, Rikuzen, IwasbirOy 
Iwaki, Hitaebi, Kadzusa, Sbimosa, Masasbi, Kodzuke, Shimo- 
tsuke, Sagami, Kai, Eebigo, Mikawa, Owari, Ise, Mino, 
Idzumo, and Iwami on tbe mainland, lyo, and Tosa in Sbikoka. 
Nothing was reporled from Kiushiu. 

The provinces most frequently sbaken were Musashi, 
Shimotsuke, and Nemuro, eaeh having 6 to 8. Then eome 
Hitaehi, Iwaki, Rikuzen, lVl.utsu, Iwami,and Shimosa,which had 

3 or 4 shoeks. AU tbe rest were sbaken not more than twiee. 
There were 4 strong earthquakes, i in Rikuzen, i in Hitaehi, 

Iwaki, Iwasbiro, and Sbimotsuke, i in Owari and i in Masa- 
ahi. AU tbe others were feeble. 
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The total area disturbed was 8,360 square ri, There were 
13 earthquakes whieh extended over more than icx) square ri^ 
and only one over more than i,cxx> square r/. The largest 
Teas on the 4th, and it extended over Iwaki, Hitaehi, Shimosa, 
Kadzu8a, Musashi, Kodzuke, Shimotsuke, Iwashiro, and Riku- 
zen, or over an area of 2,220 square r/. 

ExAMPLEs 0F £arthquakks whigh haye been largb or in 

SOME WAY PBGULIAR. 

The folIowing is a short aeeount of the most remarkable earth- 
quakes and of those distriets whieh were frequently disturbed 
during 1886. In stating the time of shoeks only the hours o{ 
their beginning are noted. In very extensive earthquakes there 
will, of eourse, be some dif!erences in the exact time of 
eommeneement at different plaees. 

January 24TH, 9.30 A.M. (No. 1, Plate III.) 

A faint vibration was felt at the eastern extremity of Nemuro» 

and its area was not more than 10 square ri, In this small 

region the number of earthquakes whieh oeeurred this year 

was 28. 

April 13TH, 5.50 A.M. (No. 2, Plate III.) 

This earthquake extended over the following 1 2 provinces, 
viz., Mutsu, Rikuehu, Ugo, Rikuzen, Uzen, Iwashiro, Iwaki, 
Kozuke, Shimozuk.e, Hitaehi, Shimosa, and Musashi. It was 
severe towards the south from the eentre of Rikuehu, and 
all over Rikuzen ; being most violent at Motoyoshi-gun along^ 
the eastern eoast of Rikuzen; feeble in northern Rikuehu, 
Ugo, Uzen, Iwaki, and eastern Hitaehi ; and faint in eastem 
Iwashiro, more thati half of Mntsn, eastern Kozuke, 
Shimodzuke, the western part of Hitaehi, Shimosa, and the 
eastern part of Musashi. Its area was 4,980 square r/. Ita 
direetion was not uniform, but in Motoyoshi-gun, in Rikuzen, 
and Nishi-hei-gun ({S SR 9 Sl^) >" Rikuehu, where it was 
very severe, the direetion was south-west and north-east. 
The nature of the shoek was vertical in eastern Rikuzen and 

horizontal in other quarters. Perhaps the origin of this earth- 

H 
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quake was in the Paeide, and from there it spread over the 
land. In Motoyoshi-gun in Rikuzen, and in Nishi-hei-gun 
in Rikuehu, at its beginning, there was a noise underground, 
and then suddenly a very vioIent vibration, everything on sheWes 
being about to upset and fall down. It eontinued about three 
minutes. At Iku-gun (^ ^ )BiS) i Iwaki, some liquid in a ve$sel 
was spilt. The earthquakes of Rikuzen, Rikuebiu, and Mutsu 
are very seldom propagated to Ugo beyond its eastern moun- 
tain ranges, but, at this time, the whole of the latter province 
experienced a feeble vibration. The shoek was very severe in 
Akita,and it perhaps may have reaehed the Japan Sea. Atabout 
dawn of the same day there was an eruption of Mount Tarumai, 
in Iburi, Hokkaido ; and at Nemuro there was felt a very feeble 
shoek. Now, how sueh estraordinary events oeeurred at just 
the same time in the north-eastern part of this eountry is 
unknown, but they might owe their eause to eonsiderable 
ehanges taking plaee in the earth-strata or the like. 

JULY 23RD, I A.M. (No. 3, PlATK III.) 

This earthquake estended over e1even provinces, viz., 
Eehigo, Shinano, £tchu, Noto, Musashi, Kozuke, Shimo- 
zuke, Iwashiro, Sado, Shimosa, and Hitaehl. It was strong 
in half the plaees along the north eoast from the eentre 
of Eehigo, being strong in more than ^ of north-eastera 
Shinano, and in -^ of northern Noto. The shoek was 
most vioIent in more than -^ of the north-eastem eomer of 
Shinano, and in -^ of southem Eehigo ; it was weak or 
faint in -^ of the eastern, and -^ of the western parts of 
Eohigo, in Sado(?) it was felt in -^ of western Iwashiro (?), in 
Kozuke, in Shimozuke, in -^ of northern Musashi, in -^ of 
north-western Shimdsa, in a small part of western Hita- 
chi, in more than -^ of eentral Shinano, in -^ of eastera 
Eehigo, and in ^ of southern Noto. The area of the 
strong disturbanee was 470 square n\ and that of the weak 
2,520 8quare r/, maldng a total of 2,990 square r/. This was 
the most violent shoek sinee the i^th year of Meiji. After 
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this time there were shoeks at Higashi-kubiki-gun, in £chigO| 
np till 6 a.m. there were 4 weak and 19 faint shoeks; doek 
pendulums stopped and furniture was upset. At Nigami-mura 
(OT«rj=village) {f:I i^^s^) four store-houses were damaged; 
one stone wall 9 skaku high and 2 ken long, and another 7 shaku 
high and more than 7 ken long were destroyed. One se .(K|08o 
square feet) of rice-fields at the same village, a part eommonly 
ealled HirakuraYama-shiri-da(Z^^ lU K ffl)) ^"^^ abridge 
more than 15 ken long aeross the Hokuragawa (^az<;a=river) 

(flc ^ Jll) fro™ Ushi-ga-hana-mura, in the same gun^ were 
destroyed. Besides this roads were damaged. The shoek was 
so severe that many people in these distriets fled out of doors. 
At Shimo-Takai-gun, in Shinano, though no eloud was seen 
that night, yet the moon was not elear and the weather was 
very hot sinee the day before; at Toyosato-mura (-K S M)i 
in the same gun^ one of tlie Nozawa hot springs (named Kiri- 
no-yu) was stopped by this earthquake. Around Teru-oka- 
mura (m ^ ;^), in Shimo-minaehi-gun (iifC f\ ^)» Shinano, 
several stone walls were destroyed ; the cliffs of mountains, and 
roads, were broken down and the walls of many store-houses 
eraeked ; one house was upset and another tilted and partly 
destroyed ; one store-house was upset and two others tilted ; 
besides this mueh damage was done to lamp-shops, drug- 
shops, poreelain-shops, and the like. It was reported that, in 
the same gun^ there were ten more very weak vibrations after 
the first one ; at Kami-minaehi-gun, the first shoek was strong, 
eausing some of the people to run out of doors» and this was foI- 
lowed by another shoek. At Naka-Kabiki-gun, Eehlgo, though 
not very strong, there were five or six vibrations up till 4 o 'eloek 
tbe next morning ; at Naka-Nonuma-gun, four shoeks were felt, 
and erows and snowy herons in their roosts sereamed, and some 
persons fled out of doors ; at Mishima-gun, there were three 
shoeks, and at Nishi-Kubiki and Kariha-gun two eaeh. At 
Kita-Unuma-gun, there were five weak disturbanees, and a 
few people fled out of doors. In eaeh of Koshi-gun ("^ ^ Si^) 
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and Minaml-Uonuma-gun, in Eehigo, and at A^uma-gun» 
Kozuke, there were two mild shoeks ; at Kami and Shima 
Takai-gun, many shoeks were felt previous to this earth- 
quake. After the i^th July, sometimes there were more than 
ten in a day. 

It is probable that the origin of this earthquake was in the 
neighbourhood of Higashi-Kubiki, and of Takai-gun, for, in 
these two gurii the vibralions were very vioIent and numerous; 
while in Nishi-Kubiki and NakarKubiki-gun, they were 
evidently very weak. 

At the same hour of the day (July 23rd, i a.m.), there was 
a weak vibration in eastern Mino, and its area was 50 square 
ri, but it seems that there was no eonneetion between this part 
and those regions whieh we have mentioned above. 

AuGUST lOTH, 9.30 p.M. (No. 4, Plate III.) 
The earthquake of this day extended over lyo, Burigo, Suwo, 
Aki, to the western part of Tosa, a small part of the south-west 
parts of Izumo, Iwami, Nagato, Buzen, Chikuzen, Ghikugo, 
the eastern ^ of Hizen, the north-eastern -^ of Higo, the 
North-eastern ^ of Hiuga, Bingo, Bitehu, the South-eastern 
Y% of Bizen, the western -^ of Awa, and to a small part of the 
south-west of Tanba. Its area was 3,440 square r/. It was 
strong in -^ of the south-west of lyo, in small part of the 
south-west of Tosa, in -^ of the north-east of Bungo, and in 
-^ of the south-west of Suwo. It was feeble in the other parts 
of lyo and Tosa, in a small part of the south-west of Izumo, 
in Aki, Iwaki, Nagato, in the otherparts of Suwo, in Buzen, in 
the other parts of Bungo, in ^ of the northern end of Hiuga, 
in -^ of the north-east of Higo, in Chikuzen, Ghikugo, in ^ of 
eastern Hizen. In all other plaees it was only faintly fell. 
The nature of the vibration was mostly horizontaI, and it was 
said that in a part of the ^strong shoeks, and in that of weak 
shoeks elose to the former, there were rumbling noises heard 
during its beginning. The probable origin of this earthquake 
seems to have been inBungoGhannel, and thenee to have spread 
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out in all direetions. Although many earthquakes have origi- 
nated in the Bungo Ghannel, yet their vibrations have hitherto 
only spread along the neighbouring eoasts, and seareely ever 
inland. This was the only earthquake sinee the i^th year of 
Meiji that had so wide an extension. A few moments later 
there were two other shoeks, the latterbeing somewhat stronger 
than the former. 

Reyiew of £arthquakes for 1884 AND 1885. 

The inap in Plate IV. is eonstrueted to show the total num- 
ber of earthquakes during two years. From this we see that 
the distriets most frequently shaken are Musashi, Shimosa, 
Hitaehi, and Shimotsuke. Tokyo and its neighbourhood have 
reeorded 122. In the northern part of the main island, Mutsn 
experienced the greatest number (41). Nemuro stood highest 
in Hokkaido (76) ; Wakayama highest in the eentral part of 
the main island (40). In the distriets of Sanindo and Sanyo- 
do, Aki, Suwo, Nagato, and Iwami had 7 or 8. Shikoku was 
inost frequently shaken in its western part. Kagoshima and 
its neighbourhood stood highest (less than 18) in Kiushiu. 

In general there were many more earthquakes in the north 
eastern part of Japan than in the western part, disturbanees 
being most frequent in those parts of the eountry extending 
from Shimosa to Mutsu. There were sometimes more than 
ten earthquakes in the eentral part of the main island, while in 
no region in the western part was this number reaehed ex- 
eepting the eases mentioned above. We must here state that 
vft had no report from the northern part of Hokkaido or from 
Kaga, Tajima, Inaba, the northern part of Hoki, and the 
eastern part of Idzumo. 

The Report of £arthquakes regordrd in Tokyo. 
It is now eleven years sinee the systematie observation of earth- 
quakes was eommeneed in Tokyo. This was in July, the 8th 
yearofMeiji (1875). The number observed during these eleven 
years is more than 600. The results of the observations are 
^iven in the following tables. The 8th year of Meiji notbeing 
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eomplete, the list is eommeneed from the next year. During 
the seven years from Ihe ^th to the i^th of Meiji (1876-1882), 
the observations were made at Aoieho, Akasaka, but after that 
date they were made at Honmaru, in the Gastle. From the 
beginning to the i8th year of Meiji (1885), the observations 
were made by Palmieri's apparatus, but from the next year 
by the Gray-Milne Seismograph. One will at onee notiee 
that earthquakes in Tokyo have evidently been very mueh 
more frequent than they have been in other loealities. 

Thk frkquency of Earthquakks and thk Times of their 

OeeURRENGKS. 

The foIIowing Table gives 658 earihquakes observed at the 
Imperial Meteorologieal Gentral Observatory during eleveR 
years from the ^th to the i^th year of Meiji : — 



<j 



»2* 52<5:<2j§gjH^o 5 50 

Miui :i,feS<S.2..2.<w02:Q h<k 

1876... 9tl. 346 II 53 3 53346 56 5 

1877... loili 456586641869 71 6 

1878... iith 387254412464 50 4 

1879... ^2ili 67 14 094341 769 70 6 

1880... I3th 99662984 I 3 10 10 77 6 

1881... I4ih 13 88843332338 66 5 

1882... isih 4715632211410464 

1883... l6th 603362310134323 

1884... I7tli 52829414288 15 68 6 

1885... 181I» 7984 3 6038 10 37 68 6 

1886.,. I9th 333284287423 54 4 

Total 63 62 84 49 62 50 35 38 28 55 52 80 658 54.8 

Average .... 658565332557 60 5 

As shown in the Table, the average number of earthquakes 
in every year was 60. During six years, namely, the loth, 
the i2th, the i^th, the I4th, the i^th, and the i8th year of 
Mei]i^ they were more than 60; but during iive years, viz., 
the 9th, the iith, the i5th, the i6th, and the i^th, less than 
60. Of these, the largest number was in the i^th, and the 
least in the i6th year. 

The average in every month was 5. So we have 5 in Pebruary, 
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April, Jjane, Oetober, and November ; more than 5 in January 
Mareh, May, and Deeember ; less than 5 in July, August, and 
September. There were most in Mareh, and least in Septem- 
ber. 

TUE NUMBER 0F EaRTHOUAKES DIYIDED INTO SeASONS. 



Ybars. Meui. Spring. 

1876... gtli 22 

1877... loili 19 

1878... Iltll 14 

1879... I2lh 23 

1880... I31I1 14 

1881... I4ih 20 

1882... I511I 24 

1883... 161I1 12 

1884... 171I1 19 

1885... i8ih 15 

1886... 191!» 13 



SuwuBR. 
II 

■ 19 

9 
II 

. 21 

9 

5 

. 6 

9 

9 

. 14 



AUTUMN. 
10 

12 . 
14 

. 14 . 

8 . 

6 . 

4 . 

. 18 . 

. 21 . 

. 13 . 



WlNTBR. 

13 
18 

15 
22 

28 

29 

II 

10 

22 

23 
H 



•* 



Aybraob. 

14 
18 

25 
17 

19 

16 

II 
8 

17 
17 
13 



12 ... 19 ... 15 

There were more than 



Average 18 ... il 

The average of every season was 15 
15 in spring and winter ; less than 15 in summer and autumn ; 
most in winter, and least in summer. 

Divided aggording to Cold (October-March) and Warm 



(April-September) Weather. 



Ybars. Mbui. 



GOLD. 



1876... 91II 26 

1877... lotli 38 

1878... Ilth 32 

1879... I2lh 49 

1880... I3tli 47 

1881... I4th 43 

1882... I5tli 31 

1883... i6tl» 17 

1884... I7ih 46 

1885... i8ih 44 

1886... i9ih 23 



Warm. 
30 

33 
18 

21 

30 

23 

15 

15 
22 

24 
31 



Ayeragb. 



28 

35 

25 

35 

39 

33 

23 
16 

34 
34 
27 



Average 36 24 30 

The average of the two seasons was 30, there being more 
than 30 in the eold season. 

The Hours of Earthquakks. 
The 658 earthquakes mentioned in the iirst part of this 
Report are here divided aeeording to the hours at whieh they 
oeeurred. 
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I((a ^••> i&«<i ^••* «••• l^a* ^••a «••• Xaaa £ » »% ^ % »» \j % % » \j % % * ^O 

2^«« !■•• \3 m t » S» m » » \J m m » ^m m » Ji » m » !••• \J m m » Jt m m » Xi>a ^••« «••« XO 

^••< I>«« 3«>* 3*** 4*** 4**> ^••« «••• 3*'* *■ » » » ^••« ^••^ !••• 3 

iL^ • • !••• O»»» i^.^i Oaa* !••• 3*** ^**» ^••a !••• U«>^ 3*** 3*** ''^ 

^••< ^••^ ^••a J**' '^»»» X..« %/••• £ m»» ^••« U<^> Xa«^ *••• ^««^ W > i| 

Oa>^ ^••^ £ m m » ^••^ i^^a^ *••• X»^^ Wa^t ^^••^ 3*** O'** ''■••■ ^l^^' 3 

7..^ ^^^. 2... 4.^. o... 2..^ o..^ I .. ^••^ o..^ o.^^ I... 5**' iS 

Oa«« 3*'* ^••« ^*»» 3*** 3*** u»** u».» *..» o«». 3*** "•■• 4" * * ^** 

O 0... O..^ x..i O... 2..^ 4... 4*** O... O.^^ 2..^ 2... l... I... 1/ 

o lo..^ 4'** 4**' 4"*' I*** O'** 4*** •••. 2... o,^. 3*** 4*** o... 3^ 

O IX... ^••^ X... Ka^^ vl«.. ^a.. 3*** ^••* ^••« ^••. 3*** 3'** ^••* ^*' 

O I2.^^ 4'** ''••• 3*** !••• !••• 2.^. I..^ Oa>* o.^. o.^« o... 3*** 

P.M. 

o !••• ^••^ it^^ 2.^^ I... 4'** C).^. 3'" ^*** 2... o..> 4'** 4"** ^7 

^••a 3*** 4*** 4'** 3*** K^** ^mmm *••• K^a* •[&••• Ua^. ^••^ «.•• 3 

3.«* 2..^ 4'** 4*** •••• ^••^ x.^^ jt m • » 3*** o^». Ua^» (^••^ 3*** ^^ 

^ . • • ^ ... Ji m m m 3'** * * * ^ • • • w. • • •-! •.• w««« A K 

3.»» o..« 3*** *••• 3"'' ^••» X... ^.•. ^•••^^ 

O..^ ^«.^ 3*** ^•.* ^.•. O... s!l m m m ^^*. X.«. X..^ X... X.«. ^«•^ mi\M 

y.^^ 3*** ^••^ O'^* ^••^ «••• ^a** 0^>^ Aa.a d..« ^«••s ^••s £ m »» ^ J 

o>^^ 4^ * * 3**" 4*** •••• o... o..^ o... *••• vi.^^ 3*** ^••* 3"** 3 

u . • • 3 * * * 4* * * 4* ** 3*** ^••^ ^ ••• 3*^* 3*** 3'** ^••a V • . • o • • • mj^g 

o xo»^. 3*** ^••* 4* ** ^*** o*** ^••s ^••^ ^••^ X..* A..t 3*** i' * ' ^ 

o XX.. • 3*** 4* ** o*** 3*** ^•■^ ^••^ x..^ ^..^ x..« ^..^ xj.i> (^•••^A 

O I^i^^ 3*** O**' U'^* Xa«« ^••^ 3'** ^••> ^••a X... ^••^ 3*** ^•■^ 34 



4' •• 3^" 5^** 3' 

O*.. 3*** x..^ "/•* 



Tolal ••. 63... 62... S^^^. 49. •.62. ••50. ••35. ..38.. .28. ..55. ••52.. .80.. 658 

Aeeording to the Table, earthquakes are most frequent ut 

8-9 p.m^, next at 9-10 a.m.; least at 11 a.m.-i2, and next 

least at 8-9 a.m. The most frequent, and the seeond least 

frequent are in hours at p.m. and at a.m. The least oeeur 

at a.m., and the most at p.m., the respective pereentages 

being 55 and 45- 

The hours when earthquakes are most numerous in eaeh 

month are as follovvs : — 

January lO-ll a.m. — 

Pebruary 2-3 a.m. 3-4 p.m. 

Mareh 4-5 p.m. — 

April 2-3 a.m. 4-5 a.m. 

May 5-6 p.m. — — 

June o-i p.m. — — 

July o-i p.m. 3-4 p.m. 8-9 p.m. 

August 2-3 a.m. 5 6 a.ni. 2-3 p.m. 

Seplember 5-6 a.m. 8-9 p.m. — 

Oetober 89 p.m. — — 

November 3-4 p.m. 8-9 p.m. — 

Deeember 8 9 p^m. — — 



ll-mid-niglit p^m^ 
5>6 a^m. 9-10 p.m. 



2-3 p^m. 8-9 p.m. 
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The hours when earlhquakes are most frequent in partieular 
months seem to be very uneertain, but generally speaking 
disturbanees are frequent at night, espeeially from 8-9 p.m. 
during the six months between July and Deeember. 

« 

Intknsity of Earthquakks. 

Tokyo ranks iirst or seeond in the frequency of earthquakes 
in Japan, but fortunately there has not been any severe dis- 
turbanee sinee the observations were first made. The dates 
of the severest earthquakes, and their intensity sinee the i^th 
year of Meiji, are given below. The intensity is indieated by 
Palmieri's seale of degrees : — 

TiMBS or PiRiT Dkorbes or 

YSARS. MbUI. MONTH8 AND DaYB. ViBRATIONS. YlBRATIONS. 

1876 91I1 20lh January 8.44.30^.111 21^ 

1877 loih 22nd |iily 4-49.17 p.m li° 

1878 llth 23rd Pebriiaiy ... 6.03.45 a.m 19° 20' 

1879 I2lh 3id Deeember ... 7.08.00 a.m 18^30' 

1880 I3th 22iid Pebruary ... 0.50.19 a.m 78^ (oiit-ruii the 

instrumeiit.) 

1881 I4th i8ih June 10.25.0 a.m 8^30' 

1882 I5lh iiih Mareh 754.50 p.m il° 20' 

1883 l6lh lotli June 10.15.0 p.m 18° 20' 

1884 I7th I5lh Oetober 4.21.54 a.m 95° 10' (oul-run 

ihe instrument.) 

188518111 20th Mareh 1.01.13 p.m 22° 

1886 I9tli 8th May 10.14.0 p.m 2.8millimetresin 

0.4 seeond. 

The strongest was the one on the i^th Oetober, i^th Meiji ; 
the next on ihe 22nd Pebruary, i^th Meiji. 

The first of these began at 4.21.54 a.m. and lasted two 
minutes. The direetion of motion, though varying, was mostly 
south-west and north-east, and its intensity was 95°io' (there 
being no graduation beyond^5^the amount was guessed.) 
At this time, in Tokyo, though no house was destroyed nor 
the ground eraeked, still the outside wooden framework of 
several store-houses fell down, a few walls of houses were 
eraeked, here and there tiles fell from roofs, and furniture 
was in several instanees upset or damaged. The shoek of 
1880 eommeneed at 0.50.15 a.m., and lasted one minute 
26 seeonds. The direetion of motion, though varying, was 
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chiefly south-south-east and north-north-west, and its intensity 
was 78°. At this tirae, furniture was upset or damaged, the 
walls of eommon Japanese houses, briek houses, and store- 
houses were more or less eraeked. The others mentioned 
in the list were also severe, but as their peri.ods of vibration 
were long no damage was eaused. 

DlREGTION 0F MOTION 0F EaRTHQUAKES. 

The nature of earthquake motion is not very siiiiple, there 
being many other movements than those whieh are reetilinear 
and eonstant in their direetion. 

At the beginning of an earLhquake the diredion of motion 
seems to be uniform, but as soon as it grows stronger it may 
be in almost any direetion. Though so confused, the disturb- 
anee is not without a prineipal direetion, but sometimes the 
same earihquake may have two or three prineipal direetions, as 
is shown in the table below : — 
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40 


31 
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Total 


58 
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So 


1S 


84 


69 


49 


459 


33 


7« 


7> 


175 


54 


54 


688 



This table showsthat the.direetion of motiou was most often 
between East South-East, and West North -West. 

Nature of Earthquake Motion. 
Although earthquake movements are horizontal or up-and- 
down, the veIocities of the baek and fore movements are often 
very different. £arthquakes when this moiion is rapid often 
damage houses and furniture, but when it is slow they have rarely 
produeed injurious efiFects. Thus during the i^th year of Meiji, 
thesevere earthquakes were 19 in all, theslow movingones 25, 
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whilst those whieh were so faint that their nature eould not be 
aseertained were 10. 

Rklation of Earthquakks to Atmosphkrig Prkssurk. 

There are many opinions as to the relation of earthquakes 
to atmospherie pressure, but nothing deiinite has yet been 
found. The folIowing Table shows sueh relations for 531 
earthquakes observed in Tokyo during nine years between 
ihe iith and the i^th years of Meiji. (The earthquakes in this 
Table are not oniy those whieh oeeurred near Tokyo, but 
inelude all those whieh bave been reported from different 
loealities) : — 

— . • . -; 

Atmos. Pres. Milli. c.gSi.m*|i?i»8.tJ^Si 5 

745 looooioooooo 2 

746 looooooooooo I 

747 100021000000 4 

748 000, 000000000 o 

749 oooiiiooooio 4 

750 302010010000 7 

751 101003000000 5 

752 3, 02100000001 7 

753 000131000011 7 

754 2001244101 I I 17 

755 23101261 1206 25 

756 04112412120119 

757 31 1023452027 30 

758 06204 2* 5 I 2303 28 

759 2 4 3 2 6* 4 i* 5* o 2 6 3 38 

760 34605734 2* 222 40 

761 373341 17372344 

762 623321116255» 37 

763 5* 5 8* 5* 5 1 o o 4 I 6» 4 44 

764 2 3* 60 1 2002 1*3727 

765 226350010322 26 

766 324210001253 23 

767 0292 10000623 25 

768 11430000010313 

769 4210000001 16 15 

770 4441 10000300 17 

771 '. 204300000 I 00 10 

772 '..... 001100000223 9 

773 000000000200 2 

774 200000000001 3 

775 OIOOOOOOOOIO 2 

Total 5 6 53 72 33 49 38 26 29 24 44 42 65 531 

* Means average atmospherie pressuie. 
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From this Table we see that earthquakes are most 
frequent at 762 millimetres. This is about the average at- 
mospherie pressure, whieh happens on very many days in 
a year. This observation therefQre tells us but little. When the 
earthquakes whieh oeeurred when the atmospherie pressure 
was high or above the average, are eompared with those 
that oeeurred when it was low, we find that they wererather more 
numerous when the baromeler was low, the ratio being 46:44. 
Again, eomparing the oeeurrenee of earthquakes with the 
average atmospherie pressure of eaeh month, the results are 
as follows: — 

Above average pres- 

sure 23 15 43 17 28 17 6 16 17 21 19 34 234 

Below average pies- 

sure 33 38 29 16 21 21 20 13 7 23 23 31 297 

Total 56 53 72 33 49 38 26 29 24 44 42 65 531 

In January, Pebruary, June, July, Oetober, and November, 
there were many earthquakes when the atmospherie pressure 
was below the average ; while in Mareh, Aprii, May, August, 
September, and Deeember, we have the reverse. Gomparing 
the number of earthquakes oeeurring as above indieated-, we 
find that they are in the ratio 0^48^052, the greater number 
oeeurring with the low barometer. 

£xamined when atmospherie pressure is inereasing or 
diminishing, tlie results are as foIIows : — 






■ • • • • • "^ 

, . — tx<S<S,^^<w02Q H 

Atmosphene pres- 

sure inereasing ... 21 19 19 12 15 9 9 15 6 19 12 14 161 
Atmospherie pres* 

sure diminishing.. 15 20 24 12 11 7 6 1 5 13 13 26 153 
Atmospherie pres- 

sure settled 20 14 29 9 23 22 11 13 13 12 17 25 20S 

Total 56 53 72 33 49 38 26 29 24 44 42 65 531 

The earthquakes were most numerous when the atmospherie 
pressure was settled, less when it was inereasing, and least 
when it was diminishing. Minutely speaking, in ^anuary. 
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August, and Oelober ihere were many when it was inereasing, 
and few when it was diminishing ; in Pebruary and Deeember 
there were many when it was diminishing and few when ic was 
inereasing» and in April the same in both eases. In Mareh, 
May, June, July, September, and November, there were many 
when it was sellled, and only a few when it was inereasing or 
diminishing. This shows that the earthquakes were most 
frequent when the atmospherie pressure was setlled. 

Relation between £arthquakes and Temperature. 
Temperature and atmospherie pressure have a elose eon- 
neetion with eaeh other. Generally speaking, the lower the 
temperature the greater the atmospherie pressure, the higher 
the temperature the less the atmospherie pressure. Whatever 
relation may exist between earthquakes and temperature may 
therefore, be simply the relation, looked at from a different 
point of view, between earthquakes and atmospherie pres- 
8ure. In the following table 602 earthquakes observed during 
ten years from the loth lo the i^thyears of Meiji (1877-1886) 
are eompared with temperature : — 

Temperature in .'o— ^-t*'^ •.'S 

Gent. S -S 5 S. i^ 1 i = ?• S S a S 

6° below o oioooooooooo i 

5®zeio 000000000000 o 

4** zero looooooooooo i 

3® zero 6 o I o o o o o o o o 2 9 

2° zero 3x0000000001 5 

l*' zero 52400000001 2 14 

0° zero 65500000001 6 23 

1° 925 I 0000000 12 29 

2° 386000000006 23 

3° 5* 5* 6 I 0000000 9 26 

4° 7 10 8 100000028 36 

5° I 36 I 00000 I 3 4* 19 

6® 36 2* 200000025 20 

7° 458200000145 29 

8** 275510000042 26 

9® 31 3 200000285 24 

10° 0283400002 5* 6 30 

II® 202020000120 9 

12° 0012*2000062114 

13° 002250000450 18 

* Indieates aver^ge temperature. 
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14^ 002510000430 15* 

I5<> 002360000820 21 

16° 002 I 9 I 003 6* 00 22 

17O 000 I 9* 6002440 26 

i8° 0003221 12500 16 

19O 00003401 I 100 10 

20** 000 13 6* 001 100 12 

21® 00026521 1300 20 

22® 000045 3 2 8* 100 23 

23° 000006651 100 19 

24° 000003 3* 30 I 00 10 

25° 0000022 4* 1000 9 

26° 000000331000 7 

27° 000002231000 8 

28** 000004231000 10 

29® 000001222000 7 

30° 000000430000 7 

31° 000000210000 3 

32° 0000000 lOOOO I 

• ««H« ^^^^m ^^HM MlWM ^BBM* ^H^M M^MM ^H^^ MHBB MMBV ^BMi^» HM^^B «MM^^W 

Tolal 60 58 78 38 57 47 32 33 25 52 48 74 602 

* Indieates ayerage temperature. 

The average annual temperature in Tokyo is 14°. From 
the table we see that earthquakes were usually very frequent 
when the temperature was from 0° to 10°, and most frequent 
at 4^ or lo^ below the average temperature. The next was 
between 11® and 23°; at 17° there were 26; and above 24° 
not more than 10. 

When eompared with the average temperature of every 
month, the results are as follows : — 

2«i!3.'25"as«ooCo 
<<,£S<S.2.^<(^OZQ H 

Above ayerage Tem- 

perature 25 36 36 19 22 31 19 iS 11 20 20 26 283 

Below averas^e Tem- 

perature 35 22 42 19 35 i^ '3 >5 >4 32 28 48 319 

Total 60 58 78 38 57 47 32 32 25 52 48 74 6as 

In January, Mareh, May, September, Oetober, November, 
and Deeember there were many earthquakes oeeuring below 
the average temperature ; in Pebruary, June, July, and August 
there were many oeeurring above it ; in April, the same number 
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oeeurred both above and below it. Generally speaking, earth- 
qaakes were more frequent when the temperature was below 
the average rather than when it was above it, the ratiobeingas 
60:40 ; also in every month there were more earthquakes 
when the temperature was below the average, the ratio being 
as 53:47. The foIIowing table shows the frequencies of earth- 
qaakes when the temperature was rising, falling, or settled : — 

6 -o i ^ i- i >* i i. ^ > 6 ^ 

*u:;5<S »..H.<cJ30ZQH 

Temperature rising' 24 19 24 10 21 19 6 10 5 18 15 34 205 

Temperature fa11inff 31 29 39 18 31 22 22 21 15 27 31 35 321 

Temperature settled s 10 15 10 5 6 4 2 5 7 2 5 76 

Total 60 58 78 38 57 47 32 33 25 52 48 74 602 

As shown in the Table, earthquakes were humerous when the 
temperature was falling, few when it was settled, and tolerably 
frequent when rising. The same holds good in the ease of every 
month. But in April and September there was the same 
namber whether the temperature was rising or settled. 

GSNKRAL ObSSRYATIONS. 

From a paper in this volume entitled " On the distribution 
of earlhquake molion in a small area/' it will be seen that 
even in Tokyo earthquakes have often oeeurred whieh have 

only shaken a 8uperficial area of not more than 4 or 5 square 

• 

miles. From this it foIIows that if observers and observations 
are not elosely situated with regard to eaeh other many earth- 
quakes may pass unreeorded. Another eause tending to 
diminish the humber of reeords is that many observers may be 
sitaated on low, soft ground where, partly in consequence of 
the length in period of the motion on soft ground, many 
shoeks pass by unnotieed. Then again observers provided 
'with instruments reeord more disturbanees than those who are 
without instruments. 

If, therefore, more instruments were distribated throughout 
Japan and the number of observers inereased, basing my opi- 
nions upon observations made in Tokyo (see the above men- 
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tioned paper) I fancy that, instead of only reeording about 
480 shoeks per year, the number might ea^ily be inereased ta 
1,000. 

The reason that more earthquakes have been observed dur- 
ing the night than during the day, is probably owing to the 
fact that during the day people are usually moving about or so 
engaged that they are not so favourab]y siluated to observe 
shoeks as they are during the night. The figures giving the 
total area of ground whieh is shaken eaeh year are probably 
very nearly proportional to the dissipation of seismie energy 
in the years to whieh they refer ; and it will be interesting to 
notiee how these figures, either as referring to the whole eoun- 
try or to partieular seismie distriets, fo1Iow eaeh other in sue- 
cessive years. In seismologieal history wc have many instanees, 
as at Gomrie in Seotland and at Kyoto in Japan, where seismie 
energy has beeome markedly less during historie times. A 
table of areas shaken in successive years might in eases like 
these indieate the rate at whieh energy was being dissipated. 
Farther, if we had a eonsiderable number of seismographs 
giving us the number, amplitude, and period of all the vibra- 
tions whieh oeeurred in the shoeks reeorded during a given 
period, on the assumption of the disturbanee as it radiated 
being praetieally supei:ficial, as it appears to be, we should then 
be fn a position to represent the seismie energy in meehanieal 
units. 

This leads us to ask whether the equivalent of this in heat 
units has any eonneetion with the loss of heat, and consequentIy 
the heat gradient in the distriet where the observations have 
been made. 

The variations in the distribution of seismie disturbanees in 
successive years promise to yield results of eonsiderable 
scientific importanee. 

An investigation whieh might be made with regard to the 
228 shoeks whieh origins^ted on the eoast or beneath the sea, 
would be to determine whether they had any eonneetion with 
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the tides or eurrents on the eoast. In an investigation whieh 
I made on this sub]ect I found that the earthquakes whieh 
oeeurred at low water were 11. 2 per eent. more numerous 
than those whieh happened at high water. (Trans. Seis. Soe, 
Vol. VII., Pt. II., p. 83.) 

Another point of great importanee in eonneetion with any 
theory whieh may be advanced to explain earthquake aetion, 
whieh this report confirms, is that the ordinary earthquakes do 
not appear to be immediately eonneeted wilh the presenee of 
voIcanoes. 

A point I would suggest is that the reeords of a number of 
earthquakes eoming from approximately the same origin be 
analysed separately. For this purpose two or three distinet 
sets of analysis might be made for the chief seismie /oei in this 
eoantry. 

The great value of the report upon earthquakes whieh have 
been reeorded in Tokio, is that it plaees before us a large 
number of trustworthy observations whieh are at our disposal 
for reference or analysis. Ghaplin, Knipping, Knott, myseU, 
and others have during previous years analysed a portion of 
these reeords, the results obtained being, so far as they ean be 
eompared with the series before us, very similar. In the present 
report, as in that by Prof. Sekiya for 1885, the cIassification 
of earthquakes aeeording to four seasons, eaeh of three months, 
eommenees with Spring, embraeing Mareh, April, and May. 
In my own tables and those of the late Mr. Mallet, Spring 
ineludes April, May, and June. £ach season is therefore one 
month different in thepresent set of tables to the tables eonstruet- 
ed previousIy. The results arrived at are, however, praetieally 
thesame; namely, that duringthe winlerand spring monlhs, or 
during the eold months of theyear there is a greater frequency 
of earthquakes than there is at other times in the year. 

The eomparison of earthquake8 witli the hours at whieh 

Vhey have oeeurred, although not i»howing ahy thing very pro- 

I 
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nouneed, is an analysis to whieh Japanese earthquakes have 
for the first time been subjected. 

In speaking of the intensity of earthquakes, the shoek of 
Oetober i^th, 1884, is regarded as the most severe whieh has 
during reeent years been reeorded in Tokio. So far as the 
reeord given by Palmieri's seismometer may be taken as a 
guide, this is eertainly eorreeti but if we eonsider the damage 
whieh was the result of any of our reeent earthquakes, then 
we must eonelude that the most destructive earthquake was 
that of Pebruary 22nd, 1880. 

The intensity reeorded by Palmieri s instrument is simply 
dependent upon the height to whieh mereury in a tube has 
oseillated and moved a float eonneeted with an indieator on a 
dial. This height is, as has often been pointed out, greatly 
dependent upon the synehronism or non-synehronism of the 
earthquake movements with the natural period of the mereury 
in the tube. 

This being the ease it is elear that a comparativeIy feeble 
earthquake might sometimes indieate a greater number of 
degrees than a mueh more destructive disturbanee. 

I am glad to see that more estended observations upon 
the prineipal direetion of earthquake motion inTokio confirms 
previous investigations (see Notes on " Reeent £arthquakes of 
Yedo Plain, and their effects on Gertain Buildings," by J. Milne ; 
Trans. Seis. Soe, VoI. II., p. 38) these results being of im- 
portanee to those who deal with eonstruetion. 

A more interesting analysis respeeting the oeeurrenee of 
earthquakes and Auetuations of the barometer than the tables 
given, would be a eomparison between the oeeurrenee of 
earthquakes and barometrie gradients, sueh gradients being 
measured aeross an area of eonsiderable extent and in some 
known direetion relatively to the eentre of the distriets shaken. 
It is not unlikely that many earthquake8 will be found to 
aeeompany a steep gradient, and this may aeeount for the 
observation, first pointed out by Knipping, that earthquakes 
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often aeeompany high winds. (See the paper on " Earth- 
quake frequency," by Dr. C. G. Knott referred to at the eom- 
meneement of this Report^. 

The chief value of the tables showing the relationship 
between earthquakes and ehanges in temperature may be to 
dispute a wide-spread belief that these two phenomena have 
an intimate eonneelion. 

Now that earthquakes at the Imperial Meteorologieal Ob- 
servatory are altogether reeorded as diagrams of motion, it is 
10 be hoped that future reports will eontain examples of these 
diagrams, and that tables giving amplitude, period, average 
period or say the number of waves in ten seeonds, inlensily, 
area shaken, distanee, and direetion of approximate origin may 
be given for all the earthquakes whieh are reeorded. 
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ABSTRAGT 0F A THEORY AS TO THE 
CAUSE 0F EARTHQUAKES. 



6y Dr. Stanislas Meunikr. 

[Read Mareh igth, 1889.] 

It is dear ihat, as regards their eauses, volcanoes and earth- 
quakes are to be grouped together — with the exception of small 
earthquakes due to purely superiieial eauses. It is also elear 
that water or steam plays an essential part in all sueh seismie 
phenomena. 

I 

The earth's temperature rises as we deseend, attaining at 
moderate depths a degree far exceeding that required for the 
transformation of water into steam. If sueh a transformation 
took plaee suddenly, a vio]ent exp1osion would neeessarily be 
the result, and seismie eifects would be produeed. 

The diiiieuhy is to aeeount for the preliminary aeeumulation 
of liquid water in regions too hot for its existence except in 
the form of steam. For dearly ths water must first penetrate 
into these regions, and then be vio1ent1y vaporised. 

A gradual inliltration of vater, throu^h the oeean bed for 
example, is evident1y quite ineapable of satisfying the eondi- 
tions, and would besides fai1 to aeeount for the in^ariably 
intermittent eharaeter of seismie activity. AII the eonditions, 
however, seem to be met by ihe foIIowing very simple hypo- 
thesis. Gonsider lirst a voIcanic and seeond a non-vo1canic 
region. 

First, a volcanic region. At some depth below the surface 
tbere is a hot focus ; and near the svirface we have water and 
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moist roeks. Between these regions there mus't be a solid 
barrier free from moisture, free beeause of its high tempera- 
ture. Now let a eommunieation be established between the 
highest and lowest regions by means of a crevice forming in 
ihe intermediate barrier. This will of neeessity 'be aeeom- 
panied by a pulvcrisation of roeks, and fragments, more or less 
saturated with water, will almost eertainly fall from the surface 
erust down into the hot vo1caiiic depths below. Thus Iiquid 
water will be rapidly conveyed to regions so hot as to eause it 
rapidly to vaporise with all the effects of an explosion. 

Many geologieal and seismologieal facts fit naturally into 
this hypotheses. The fau1ied eondition of roeks shows that 
crevices do form in the manner supposed. Then if the falling 
fragments reaeh regions whieh are moderately hot, the 
transformation of water into steam will take plaee gently. 
On the other hand, if they fall into highly heated regions 
amongst molten roeks, the bubbling steam may raise the 
whole fluid mass; {ust as the eseaping earbonie aeid gas 
eauses ehampagne to effervesce. Belween ihese two exlremes 
all other eases fall. 

Seeond, a non-volcanic region. £ven though there is no 
volcanic eentre, yet it is admitted that we have subterranean 
heat everywhere. This, in eombination with faulting, will lead 
to yery similar effects. Many facts, whieh observation has 
established, seem to admit pf ready expIanation aeeording lo 
this hypothesis. For example, pronouneed seismie activiiy in 
reeently fauUed eountries ; the elongation of an epieentre 
parallel to shore or mountain ridge, that is, in the pro- 
bable direetion of faulting ; the oeeurrenee of earthquakes 
along the known lines of great faults, as in Weslern Switzer- 
l^nd from the Lake of Gonstanee to the Lake of Geneva ; the 
intermittent eharaeter of earthquake shoeks in eountries liable 
to seismie aetion ; and, perhaps most important of all, the pro- 
pagation of the point of origin of a shoek along a fault. This 
last effect will take plaee when a fault gradually widens out in 
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a gtven direelion, the successive earihquakes due to the falling 
in of saturated rpeks originating at points sueeeeding eaeh 
other along this direetion. Thus, in 1811, a series of earth- 
quakes beginning at the mouth of the Mississippi worked up 
in the eourse of a year to the Great Lakes of Ganada. 

In the diseussion whieh followed, Mr. Milne remarked that 
he did not see the neeessity of requiring Gssures for the pene- 
tration of water into the erust of the earth, sinee the remark- 
able experiments of Daubr^e show that by eapillary aetion 
water ean soak through roeks against high steam pressures. 



OBITUARY NOTIGE. 



YiseouNT MORI Arinori. 

[Read Mareh igth, 1889.] 

Sinee our last meeting, our Soeiety has suf!ered a severe 
loss in the death, hy assassination, of its President, Yiseount 
Arinori Mori, Minister of Edueation. To the deep generai 
interest whieh Yiseount Mori took in things edueational, he 
added a keen appreeiation of all new and progressive ideas. 
No doubt this partieular mental trait disposed him to take a 
speeial interest in the young seienee with whieh our Soeiety 
deals. In 1885 he was eleeted our President; and, although 
his manifoId duiies prevented his regular attendanee at our 
ordinary meetings, his strong sympathy in our aims and 
labours was attested in many ways. Soon after his 
appointment as Minister of Edueation, the ehair of 
Seismology in the Imperial University was estabiished. Last 
year, at his express wish, a Gommittee of arehiteets, engi- 
neers, and other representative scientific men, was ealled 
together to eonsider the methods of eonstruetion best fitted to 
resist earthquake motion. Several preliminary reports have 
already been presented ; but the Gommittee is still engaged in 
making experiments and eolleeting information. The final 
report, wlien handed in to the Gentral Government, will be 
of its kind, the most voluminous and eomplete yet written, 
and will always bear testimonny to the zeal and forethought 
of the late Minisler of Edueation. When any speeial leetures 
on Seismology were given, Yiseount Mori was rarely absent ; 
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and in these and other ways he gave substantial support to 
Seismologieal investigations. 

Yiseount Mori was well versed in Natural Seienee and LiteFa- 
tnre, more partieularly in History and the study of Languages. 
Under his rigime in the Edueational Department, the whole 
system of edueation throughout the eountry has been plaeed 
on a new basis and powerfuIIy deveIoped. His eneourage- 
ment of gymnastie exercises as a means of strengihening the 
physique of the students of this empire, and his steady regard 
to the inAuenees that mould them, intelleelually and morally, 
are espeeially worthy of mention. The inerease in the num- 
ber of sehools, and their improved status throughout the eoun- 
try, are largely to be traeed to Viscount Mori's unwearied 
exertions. One of his latest sehemes was the making of 
sehools as far as possible seIf-supporting. 

Yiseount Mori's sad and unexpected death on Pebruary iith 
has oeeasioned a serious loss to all eonneeted with edueation 
in Japan ; and we, of the Seismologieal Soeiety, have to 
mourn the loss of a President that eould ill be spared. 
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position admirably saited for our purposes. Though so elose 
to the voIcanic focus, the spa had eseaped total destruetion, 
being situated at the baek of the erater, and sereened by a 
hill-brow from the direet efiFects of the explosion. As might be 
expected, onr surveying and other works on the summit, ihe 
fruits of whieh are embodied in this paper, were not unattended 
by discomforts and difficulties — sueh, for esample, as indifferent 
food, breakneek aseents and deseents, foul vapours, ehilly 
nights, and long sultry summer days spent in serambling over 
a seorehed and barren erater. 

Soon after the eruption we sent letters of inquiry to a large 
number of sehoolmasters and loeal officers in the neighbouring 
provinces ; aeeounts given by other observers, as well as those 
published in newspapers, were also duly eonsidered. The 
information embodied in the answers to our letters was very 
valuable for the purpose of this paper, espeeially in preparing 
Plate X., and we take this opportunity of expressing our 
sineerest aeknowledgments to all who thus helped us. We also 
tender our best thanks to the eolleagues and friends who have 
sinee assisted us, by suggestions and otherwise, espeeially to 
Major-GeneraI Palmer, R.E., for kindly helping us with our 
English and for many valuable hints. 

The questions we asked in our letters were mainly as foI- 
lows : — ^The names and addresses of the observers. The times 
at whieh they first notieed the eruption. Did they hear the 
sound of the explosion ? Its nature, duration, loudness, <S:c. Did 
they see steam (eommonly ealled smoke) rising up in the air ? 
Its eolour, height, form, &c, Did they see lightning in the 
steam, or fire on the volcano? How did the lightning or fire 
look? Did vo1canic dust fall? Its thiekness, eolour, eonsist- 
eney, strueture, &c. Were there any earlhquakes either be- 
fore or after the eruption ? Their times of oeeurrenee, inten- 
sity, duration, nature, &c. The state of lakes, rivers, and 
springs before and after the explosion. The meteorologieal 
eonditions, espeeially the force and direetion of the wind. 
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Any other information bearing on, or whieh might seem to 
bear on, the eruption was also asked for. The answers to 
these .questions are given in a tabular form at the end of this 
paper. 

BaNDAI-SAK, eONSIDERRD TOPOGRAPHIGALLY AND 

Geologigallt. 

In Northern Japan, there run along the Pacific seaboard two 
prineipal masses of mountains, chiefly eomposed of erystalline 
and older roeks. The more northerly of the two, on the 
eastern side of the Kitakami River, has been named by Dr. £. 
Naumann the Kitakami Mountain-land, and the other, situated 
to the east of the Abukuma River, the Abukuma Mountain- 
land. These two mountain-masses are remarkably similar in 
their geologieal strueture, and the prineipal direetion of strike 
is north and south. They are very old formations, eonsisting 
of granite, granite-gneiss, gneiss, and other erystalline sehists, 
together with thiek aeeumulations of Pa1aeozoic strata, mueh 
folded and fau1ted, and some patehes of Mesozoic strata not 
less disturbed. We have, in fact, the relies of old land, the 
prineipal features of whieh must have been determined at the 
end of the Mesozoic Era, and mueh of whieh has, no doubt, 
been subsequently denuded away. 

On their western sides, the two mountain-Iands face broad 
valleys, in whieh the rivers already mentioned run in a meri- 
dional direetion — the Kitakami from north to south, and the 
Abukuma from south to north — and along whieh passes the 
chief highway of Japan. The valleys separate the Abukuma 
and Kitakami ranges from a high ridge whieh, traversing the 
middle of Northern Japan, forms strueturally the baekbone of 
the region, and eonstitutes the main water-shed between the 
Pacific Oeean and the Japan Sea. This eentral ridge owes its 
origin to voIcanic effusions of comparatively younger date, and 
consequent1y the natural barrier thus ereated is made up 
mostly of prominent volcanic peaks, and dif!ers in its features 
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froin the neigbbouring old land. The more important of the 
Yoleanie peaks are, Osore-yama and Yake-yama on the ex- 
treme norlh of the main island, and thereafter Ganju-san^ 
Komaga-take (Province of Rikuehu), Zod-zan, Azuma-san, 
Bandai-san, Nasu-dake, Shirane-san (Province of Shimotsuke), 
Akagi-san, &c. These mark the eourse of the line of weak- 
ness along whieh terrestrial disturbanees of varying degree 
have manifested themseWes^ in times past, atlaining their 
climaz during the Tertiary £ra, and thereafter deelining into 
their present state of comparative quiescence. 

Bandai-san (lat. 37° 36' N., long. 140^ 6' £.) is situated 
in the Yama Distriet {kori) in the Provtnce of Iwashiro, im- 
mediately adiaeent to the Abukuma mountain region, a part 
of whieh, formed of graniie and gneiss, borders the east bank 
of the river Nagase that runs immediately past the foot of the 
Yoleano. Besides Bandai-san, there are in this part of the 
eountry several other voIcanoes, both active and extinct, as 
shown in Pl. X.; the line of prineipal volcanoes belonging 
to the eentral ridge of Northern Japan, already relerred to, is 
shown in the same plate by a broken line. On the nortli-east 
of Bandai-san are Dake-yama and the Azuma-san group, the 
latter eonsisting of three prineipal peaks ealled the £astern, 
Western, and Middle Azuma ; while on the south are Nasu- 
dake, Takahara-yama, &c. Immediately north-west of Ban- 
dai-san there is a small lake ealled Okuni-numa, at an eleva- 
tion of 1,065 m. above the sea-]evel, and surrounded on all 
sides by ridges, the highest of whieh is ealled Nekoma-yama, 
and rises 305 m. above the lake. Judging from its featttres, 
Okuni-numa is unquestionabIy an old erater. Between it and 
Bandai-san there stands a round-topped hill, till lately over- 
grown wilh forest, and known as Marumorl-yama, whieh is ap- 
parently a small vo]canic eone. The few naked tree-trunks, 
stripped of branehes and leaves, that are now to be seen on this 
hill-top vividly attest the severiiy of the reeent eruption. 

From the fact that the older roeks of the Abukuma moun- 
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tainland nnderlie the volcanic gronps in the vicinity of Bandai, 
it seems reasonable to infer that the voIcanoe3 ortginated on 
the fractured edges of the old fonnation. 

Though all of ihe voIcanoes that have been in eruption in 
reeent times are shown as active on Plate X., it is to be under- 
stood that sueh activity never exceeded intensiiied solfataric 
expIosions, dislurbing the upper erust alone. The lale 
expIosions of Nasu-dake and Azuma-san were of this elass 
only, neither lava nor pumiee having been ejected. The 
extreme volcanic energy whieh onee raged in the distriet of 
Bandai seems to have gradually waned down to the present 
time. Denuding aetion has evidently played a more prominent 
part than plutonie ageney in ehanging the forms of the moun- 
tains, and the deeomposition of the roeks has produeed a thiek 
layer of soil, su(^orting a dense forest-growth, and eoneealing 
the old lava-flows and seoriaeeous ejections whieh attest the 
voIcanic origin of the hill-masses. Peasants worked daily 
among the green forests of Bandai, to eolleet fuel and to ^ell 
trees, wholly unsuspieious of the ealamity that hung over them. 

The dislriet about Bandai-san is made up prineipally of 
tufaceous deposits and sheets of volcanic roek, forming the 
basis of an elevated area known as the Aizu Plateau, whieh 
ineludes the distriets of Yama, Aizu, Kawanuma, and Onuma, 
in Iwashiro, its average height exceeding 500 m. above the 
sea-level. This plateau is surrounded on all sides by 
tnountains of vo1canic origin. On its southwest border 
stand the extinct volcanic peaks of Hakase-yama, Mikagura- 
dake, &c,, and on the south the eonspieuously flat-topped 
Nunobiki-yama, formed of volcanic sheets. Among these 
tnountains are found numerous hot-springs, more than 30 of 
whieh have been eounted. 

The streams whieh rise in the surrounding mountains dis- 
eharge into a depression on the south side of Bandai, there 
forming the Lake Inawashiro, whieh is one of the largest in 
Japan. This lake, the surface of whieh is 496 m. above the 
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6ea-]eve1, is not a true erater-lake as is sometimes supposed^ 
Its prineipal feeder was the river Nagase, Aowing from the 
northern part of Bandai. The upper eourse of this river was, 
howevery entirely stopped by the fa1Iing dihris during the 
reeent eruption, and the lake is now supplied mainly by its 
tributary, Sukawa, Aowing from Dake-yama. The lake dis- 
eharges northwestward, at the village of Tonokuehi, by a 
stream whieh flows through the Aizu Plateau under the name 
of Nippashi-gawa for about 19 kilometres, then joining the 
Aka-gawa. The latter stream eolleets all the waters of the 
Aizu Plateau, and fina1Iy runs into the Japan Sea near the port 
of Niigata. Reeently another outlet was made on the eastern 
side of the lake, by means of a eanal for irrigation. 

It seems probable that the Inawashiro Lake iills up a 
depression formed by evisceration of the groundi resulting 
from the eopious outpourings of voIcanic produets in its 
vicinity, notably those of Bandai. The origin of the lake, 
aeeording to eurrent tradition, is aseribed to great terrestrial 
disturbanee whieh took plaee in the ninth eentury. The dis* 
triets known as Tsukinowa and Sarashina, eonsisting of 49 
villages, are said to have been submerged on that oeeasion. 

The name Bandai-san is usually given to a group of peaks, 
eonsisting of Obandai, Kobandai (lately destroyed), Kushiga- 
mine, and Akahani-yama, surrounding an elevated plain ealled 
Numano-taira. (Pl. I.) This group, standing on ihe norther» 
side of Lake Inawashiro, forms a very eonspieuous object in 
the landseape, and displays the eharaeteristie outlines of a- 
Yoleanie mountain. When seen from the southwest side, from 
the town of Wakamatsu, it appears as a single pointed peak. 
It has sometimes been ealled the " Fuji of Aizu," from its 
resemblanee to the well known Fuji-yama. Obandai, or Great 
Bandai, is the most prominent of the peaks, its summit belng 
1,840 m. above the sea-level. It presents a highly rugged and 
preeipitous esearp toward the Numano-taira, exposing volcanic 
strata whieh are the results of aeeumulations of augite-an- 
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desitie Iava and seoris during its period of activlty. Yiewed 
at a distanee from the east, Obandai has a highly eharaeteristle 
appearanee, deseending by a very steep slope toward the 
eentral plain and by a gentle one in the opposite direetion. 
Kobandai, or Litlle Bandai, was less known, on aeeount of its 
being situated far away from the inhabited portions of the Aizu 
Plateau, and being also partly sereened by its more prominent 
sister peak. From the latter fact it appeared to be lower than 
Obandai, and was therefore so regarded ; and henee its name. 
But careful esamination has shown that they were probably of 
almost identieal height, as will appear farther on. 

It is probable that the plain Numano-taira is the remains of 
the original erater — Atrio — and that the 8everal peaks above 
mentioned are parts of the Somma-wall whieh eneireled it. 
But gradual denudation during long periods of quiescence, 
together with oeeasional rendings of the erater-wall when 
esplosions took plaee, have brought about the present ^orm, 
namely, that of separale masses presenting more or less eonieal 
shapes. In the Numano-taira, or " plains with ponds/' there 
were several small lakes or pools, as is usual in eraters of this 
nature. Nearly in its eentre, there esisted before the eruption 
a solfatara on a small hilloek ealled the Iwo-yama, or " sulphur 
mount," from whieli sulphur was eoUeeted by the neighbouring 
villagers. The plain was also covered with dense ^orests, 
whieh were destroyed on ihe i^th of July. 

The ilanks of Bandai are eut into numerous ehannels ealled 
" sawa." The largest of them is that known as Biwa-sawa, 
whieh opens eastward from the Numano-taira. It was down 
this ravine that the smaller stream of mud and roek deseended 
in the late eruption. Seen from the east, it presents a very 
eonspieuous appearanee. Fig. 2, PI. III., is a sketeh made of 
this part of the mountain immediately after the eruption. From 
our point of view we had a niagnificent prospeet of Obandai, 
with iis rugged and preeipitous wall on the northern side. The 
plain of Numano-taira is seen to terminate in a very steep cliff. 
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known as Fatatsu-iwa, at whieh plaee the water of the lakes in 
the above plain made a sudden leap, forming a high water-falL 
Immediately below this is a small depression ealled Hikage» 
whieh has been regarded by some as a seeondary erater of the 
late eruption. Another large ravine is that lying between 
dbandai and Akahani-yama, opening soulhward, and named 
Katsura-sawa. There is also a bare glen on the southern flank 
of Obandai, known as Kara-sawa. These ravines or valley8 
may be eonsidered to have been chiefly modelled by the par- 
oxysmal explosions whieh, as the history of the mountain tells us, 
took plaee at intervals in past times. Denudation, however, has 
doubtless modiAed their original forms. The same remarks 
may be held to apply to the topographieal features of the 
whole mass. For, not only must the original form of the 
mountain have suffered by the successive eruptions, but the 
dibris thus produeed, obstrueting the water-eourses, must have 
gradually brought the surface to its present form. Some of 
the outbursts would seem from the history of Bandai-san to 
have been very similar in eharaeter to that of the isth of July 
last. 

The hot-springs on the north-western side of Bandai, known 
as Bandai-no-yu, were lalterly the prineipal remnants of the 
volcanic forces whieh onee raged with so mueh vigour. There 
were three of these springs, all eelebrated for their euring 
e£fects upon various diseases. They were known as Kami-no- 
yu, Naka-no-yu, and Shimo-no-yu, respectively meaning the 
upper, middle, and lower bath, where small hiits had been 
eonstrueted for the aeeommodation of bathers, who Aoeked 
thither in summer from various parts of the neighbouring 
distriet. They were sulphur springs originating in soIfatara 
formed by the issuing of steam and sulphuretted hydrogen 
from numerous rock-fissures. 

Several years before the eruption Professor J. Milne,* of the 

* The Volcanos of Japan — Transietions of the Seismologieal Soeiety 
of Japan, Vol. IX., Part II. 
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Imperial University, aseended Bandai-san, when he took a 
sketeh and deseribed it, classifying it as an active yoleano. 

Traditions and Histort. 

Aeeording to tradition, Bandai-san was originally a single 
inassive peak, the summit of whieh was burst open in olden 
times by a voIcanic eruption, nnd split into several peaks, the 
event being productive of a terrible eatastrophe. The dibrh 
of the expIosion deseended on all sides of the mountain, and 
the two distriets Tsukinowa and Sarashina, eontaining some 
iifty vi11age9, were engulfed beneath the area thereafter oeeupied 
by Lake Inawashiro. This aeeount of the splitling of one 
large mountain into several minor peaks is interesting, as it 
agrees with the supposiiions suggested by the strueture of the 
Yoleano. For, as has been previousIy explained, the several 
ridges together eonstituting the Bandai group surround an 
elevated plateau whieh has all the appearanee of an old erater. 

Another tradition, apparently referring to the same event, 
says that in the lirst year of Daido (806 a.d.) Lake Inawa- 
shiro was suddenly formed, and in it a small island, now ealled 
Okina-shima, appeared. 

Religious traditions, on the other hand, not unnalurally eon- 
neet the eatastrophe with demoniaeal ageneies. A Buddhist 
temple in a village near Bandai-san eontains a doeument, said 
to ehroniele its founding, whieh runs thus : — '' In olden times 
there used to dwell about Bandai devils who did mueh harm to 
the inhabitants ; in the year of Daido numbers of people living 
at the foot of the mountain were swallowed benealh the earth, 
and there was left a great lake (Inawashiro). l'he reigning 
Emperor, in order to subjugate the evil spirits whieh were pro- 
bably the eause of all these terrestrial mysteries, despatehed 
the famous priest Kukai, who, on arrival at the spot, performed 
ten days* seeret prayer to Buddha, when the devils were eom- 
pelled to vacate Bandai and to flee to the neighbouring moun- 
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Uins. In eommemoration wheieof, Kakai eaused ihis (emple 
o[ Dainichi-ji lo be built." 

Several aneient reeords deseribe ihe mountains as baving at 
variou3 times smoked and ejected fire and poisonous vapour8. 
Sueh aeeounls are higlily inleresting, espeeially when we eon- 
sider [he volcano's apparenl quiescence for ten eenturies. Wc 
give below translations of some af tbe reeords published by ibe 
Geographieal Bureau, with remarks on ibem. 

The Togoku Ryokodan (%E9^ffSI< Travelling Tales 
in Eastern Provinces) says : — " To ihe east of Lake Inawashiro 
there stands a sleep peak ealled Bandai-san; from ils high 
summit aseend blazing fire and smoke, as if to burn tbe iirni- 
ament." This aeeount is followed by an illustraiive skeleb, 
as in Ihe aeootnpanying wood-eut, of ihe volcano belehing 
forlh fire and smoke. 




In the Oa Beiiranshi {||^OI^fS, Handbook on Ou 
Provinces) tbe tollowing aeeount is given : " Aizu-yama eom- 
monly ealled Bandai-san, lies lo (he east of Lake Inawashiro ; 
from its (op aseends burning sraoke." 

It sounds strange to hear of flamc and fire ; but we ought 
not to put mueh eoniidenee in tbe tales of travellers, wbieh 
ate loo of(en esaggera[ed and grossly inaeeurale. Though 
the phenomena eaused by sireams of moUen lava in volcanic 
eruptions are eommonly spoken of as presenting (he appearanee 
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of Aames and fire, we do not find in Bandai-san any indieation 
of lava-flows that ean have taken plaee wiihin historieal times. 
It may be added, however, that there are eases on reeord in 
whieh fiames eaused by the eombustion of gases have been a 
feature of Yoleanie outbursts, 

The Shinpen Aizu Fudoki (if ig # Ht ffll ± SE, Aeeounts 
of Aizu) says : — '^ In olden times the destruetion of a part of 
Bandai-san gave rise to Akahani-yama. The efFects were 
very violent and extensive ; earth and stones falling down 
dammed the stream of Sugawa and inundated Hibara." To 
the north-west of Oda village there are plaees respeclively 
ealled Onamiyose (large wave beaeh) and Konamiyose (small 
wave. beaeh). These loealities, it appears, were formerIy 
washed by the waters of lakes formed on ihe oeeasion above 
referred to, whieh, however, subsequent1y disappeared. As to 
the eause of this destruetion of Bandai-san, it is not elear 
from the deseription whether it was volcanic or otherwise, but 
the phenomena exhibited seem to have been similar in eharaeter 
to those of the late eruption. Besides, there are autheniie 
reeords of olher terrestrial disturbanees of mueh younger date, 
though perhaps of less magnitude, whieh have oeeasionally 
troubled this part of the eountry. These aeeounts seem to 
attest successive outbreaks of the same store of energy that 
wrought sueh havoc on the i^th of last July. 

In the 8th month of the i6th year of Keieho (1611), a vioIent 
earthquake oeeurred at Bandai, and the fall of earth and roeks 
that was produeed by this convulsion dammed up the river 
Nippashi, the outlet of Lake Inawashiro, and resulted in the 
formalion of three new lakes. Water issued in great quantities 
from fissures opened in the ground. Aeeumulations of water, 
eaused by the stoppage of streams, formed several other lakes, 
and in one plaee a waterfall of eonsiderable height. In the 
yillages of Matsuno and Terauehi some temples were other- 
thrown ; and there were innumerable damages of other kinds. 
In spite of the efforts of Gamo, the ruling Daimyo, who em- 
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ployed large numbers of men to eut an oullet for tlie ac« 
eumulated waters, inundation spread over the distriets Yama and 
Kawanuma, produeing a lake at Yamazaki ; and it was not unti^ 
after several engineering attempts that a passage was effected, by 
the aid of whieh about one-half of the inundated area was at 
lengih reelaimed. 

During the period Horeki (1751-1783), another convulsion 
took plaee in Mount Hanzawa, and ereated the present lake 
of that name. 

The last reeorded disturbanee, although its partieulars are 
not known, is said to have taken plaee about 80 years ago, 
when several lakes in Numano-taira were iilled up, and great 
quaniiiies of dibris deseended by the Biwa-sawa. Traditions 
and tales relating to this event were eherished with supersti- 
tious fear by the peasantry of the region, and listened to with 
wondering awe by the ehildren, until there fell upon them the 
yet more terrible eatastrophe of last Ju1y, whieh we now 
proeeed to deSeribe. 

Eruption and attkndant Phenomkna. 

On the morning of July i^lh, 1888, the weather in the 
Bandai distriet was fine, there being seareely a eloud ; and a 
gentle breeze was blowing from ihe W.N.W. Soon after 7 
o'eloek, eurious rumbling noises were heard, whieh the people 
tbought to be the sound of distant thunder, often heard among 
the mountain-tops. At about half-past 7, there oeeurred 
a tolerably severe earihquake, whieh lasted more than 20 
seeonds. This was followed soon after by a most vioIent 
shaking of the ground. At 7.45, while the ground was still 
heaving, the eruption of Kobandai-san took plaee. A dense 
eolumn of steam and dust shot into the air, making a tremen- 
dous noise. £xplosions followed one after another, in all to 
the number of 15 or 20, the steam on eaeh oeeasion except 
the last being deseribed as having attained a height above the 
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peaks about equivalent to that of Obandai as seen from Ina* 
vashiro, that is to say, some 1,280 metres, or 4,200 feet. 

The last esplosion, however, is said to have projected its 
diseharge almost horizonta]1y, towards the valley on the north. 
And, eonsidering the topography of the mountain and the 
form of the erater, it is probable that previous diseharges were 
also more or less inelined to the vertica1, in a northerly diree- 
tion. The main eruptions lasted for a minute or more, and 
were aeeompanied by thundering sounds whieh, though rapid- 
ly lessening in intensity, eonlinued for nearly two hours. 
Meanwhile the dust and steam rapidly aseendedi and spread 
into a great eloud like an open umbrella in shape, at a height 
equal to at least three or four times that of Obandai. This 
eioud was gradually wafted away by the wind in a southeasterly 
direetion. At the immediate foot of the mountain there 
was a rain of hot sealding ashes, aeeompanied by pitehy dark- 
ness. A little later, darkness was still great, a smart shower 
of rain fell, lasting for about five minutes. The rain was quite 
warm. These phenomena, as well as the terror and bewilder- 
ment whieh they eaused among the peasantry, were deseribed 
in thrilling terms by the newspapers of the day. While dark^ 
ness as aforesaid still shrouded the region, a mighty avalanche 
of earth and roek rushed at terrific speed down the mountain 
alopes, buried the Nagase valley with its villages and people, 
and devaslated an area of more than 70 square kilom^tres, or 
27 8quare miles. 

AeeouNT OF AN £ys-witnkss. 

Mr. Tsurumaki, a priest of Eehigo, who was staying at the 
Naka-noyu spa on the edge of the erater at the time of the 
eruption, and who eseaped death almost miraeulously, sent us 
soon afterwards the fo]Iowing interesting and minute aeeount 
of his lerrifying esperienee : — " I started from my native vil. 
lage on the 8lh of July, in eompany with four of my fnends, 
for Bandai-san, and arrived there on the I2th| 1.^., three days 
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before the eatastrophe. I had been there before, in ]n\y, 1885, 
when I stayed three weeks. On the day of my reeent arrWal 
(the 8ih) the fog was unusually dense, and the volume of 
steam at Kami-noyu seemed to have lessened. On the i^th the 
fog was denser still, and remained so till the evening. The I4th 
was a bright day, the fogs of the previous days having eleared up. 
From about 10 o eloek in the morning of this date the flow of 
the spring began to diminish. But the fact that the amount of 
diseharge is smaller in fine weather and larger in eloudy days 
is well-known among bathers, so that we gave no heed to it* 
The morning of the isth, whieh was the fatal day, dawned with 
a bright and pleasant sky, and the ilow of the spring was as 
usual. At about 8 o'doek, however, there was a fierce convul- 
sion of the ground, and we all rushed out of the house. In 
about 10 minutes (seeonds ?), while we were fearfully wondering 
what was the matter, a terrible expIosion suddenly burst out 
from the slope of Kobandai, about one cAd* above a plaee at 
whieh steam has been issuing from time unknown. This was 
foIIowed by a dense mass of blaek smoke, whieh aseended into 
the air and immediately covered the sky. At this time, showers 
of large and small stones were falling all about us. To these 
horrors were added thundering sounds, and the tearing of 
mountains and forests presented a most unearthly sight, whieh 
I shall never forget while I Iive. We fled in all direetions, but 
before we had gone many metres we were all thrown prostrate 
on the ground. It was pitehy dark ; ihe earth was slill heaving 
beneath us ; our mouths, noses, eyes and ears were all stuffed 
with mud and ashes. We eould neither ery out nor move. I 
hardly knew whether I was dead or in a dream. Presently a 
stone fell on my hand, and I knew I was wounded. Imagin- 
ing, however, that death was at hand, I prayed to Buddha. 
Later, I received wounds on my loin, right foot, and baek. 
After the lapse of an hour the stones eeased to rain and the 
atmosphere had eleared from darkness to a lightlike moonlight. 

* One eho is nearly equal to 109 m^tres. 
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Thinking this a fine opportnnity to eseape, I got up and eried, 
*Friends, follow me !'; but nobody was there. When I had 
deseended about two eho, there was a seeond, and after another 
ehd, a third expIosion. In these sand and ashes were ejected, 
but no stones. I reaehed Odera at noon, and there I received 
surgieal treatment, ete." 

Deluge of Rogk and Earth. 

The most striking feature in the whole of this eruption was 
the delnge of roek and earth. Notwithstanding the violence Of 
the phenomena, and the eompleteness with whieh the mountain 
was destroyed, the nature of the eruption was comparatively 
simple. The destructive ageney was merely the sudden expan- 
sion of imprisoned steam, unaeeompanied by lava flows or 
pumiee ejection. When the explosion took plaee, a eonsider- 
able amount of roeks and earth was projected into the air, and 
a part diffused in the form of dust, but by far the greater part 
of the bulk of Kobandai was just split into mighty fragments, 
whieh were thrown down mueh after the manner of a land-slip. 
Deseending the mountain sides with ever aeeelerating yeloeity, 
the eomponents of these avalanches were dashed against 
obstaeles in their way and against eaeh other, and were thus 
rapidly redueed to confused masses of earth and roeks. The 
loose and friable d^bris thus produeed ultimately lost its 
adhesive power, and may have been eompared wilh a little 
exaggeration to sand. If we suppose a mass of some 1.21 
eubie kilomblres, or 1,587 millions of eubie yards (whieh was 
the aetual volume of the mountain destroyed), of sand to be 
suddenly preeipitated from a Iofty sumrait, it would flow down 
the sides in a torrent not very unlike that of water. That the 
earth and roek debris did flow down in this way we were 
convinced by examining the aetual state of things on the spot, 
and more partieularly by witnessing afterwards with our own 
eyes a very similar phenomenon, though on a vastly smaller 
seale. 
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One day, while we were at work in the erater, a huge sliee 
of the preeipitous wall of roek that had been bared by the explo- 
sion fell suddenly and erashed with a tremendous uproar down 
the steep ineline beneath. This slab fell from a plaee about 
300 mbtres high. The great masses of earih and roeks were 
shattered as they fell, and broken up into pieees, ever growing 
smaller as they deseended. The behaviour of this pulverized 
mass resembled the rush of a headlong torrent. Although 
boulders measuring 10 mbtres or more in diameter were mlsed 
up with finer malter, as a whole the movement approsimated 
to that of a fluid. No words ean deseribe the iiereeness and 
force of that impetuous downpour — its mad surging this way 
and thaty and the bold leaps wiih whieh it would now and 
then bound over low ridges that hindered its progress, and shoot 
onward down the neighbouring depression. It was a magnifi- 
eent but somewhat awful sight to witness during an afternoon's 
ramble. 

In a like manner probably, but on a vastly more gigantie 
sealei the stream of materials on tbe I5th of July ran down the 
slopes of Bandai-san, dividing as it went into two prineipal 
branehes. 

The main braneh Aowed northward. Kobandaii it must be 
explained, sloped on the north towards the Nagase valley, in 
an unbroken deseent ; and, as the mountain burst on this side, 
tbe debris dashed with great violence down this northern slope 
in the direetion of Hibara, 9 kilom^tres away. One part of 
tbe torrent aetually ran up the valley, toward the souree of the 
River Nagase, burying on its way the three hamlets of Aki« 
moto, Hosono, and Osuzawa. A part, however, of the pul- 
verized earth ran down the valley ; reaehing Kawakami spa 
and submerging it to a depth of probably more than 40 
mbtres, it proeeeded southward to Hinokuehii 3 kilombtres 
farther down. 

The other and mueh smaller braneh took quite a dif!erent 
routei making an angle of nearly 120° with the main stream. 
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It eame down by way of Numano-taira, through Biwa-sawa, 
rapidly spreading as it deseended, and dividing into tbreo 
minor rainificationa. ^he soathernmo^t of these ^ast reaehed 
the Yillage of Min^, overwhelming nearly one-haU of the house9| 
with their inmate^. Fig. i of PI. III. is a view taken froin the 
outskirt of Inawashiro, at a distanee of nearly one kilombtre 
from the mud field, showing the village of Min^ in front, and 
the avalanche (d) of roek and earth deseending uppn its prey, 
Fig. I of Pl. IV. is another and nearer yiew of this mudgeld. 

The eombined volume of these two great streams entirely 
eorered an area of 27 6quare miles, or 70 8quare kiloB^^treSi 
with a soUd sea of mud and roek, beneath whieh were burii»d 
all the {eatures of the landseape, together witb people» oattle , 
and. other livl9g tbings^ The grey tint af Pl. I. marks tbff 
area ihus devastated. 

The deseending matter must havo moved with great velo- 
eity. By aome sarvivors it was deseribed as having reaehed 
their vicinity almost instantly after the eruption. From seyeral 
oaleulations, made by eomparing the time of the explo8ion with 
the times at whieh the str^ams of dibrts arrived at different 
points, we roughly estim^ted the average speed to haye been 
jj kilombtres or 48 miles per hour. On its eourse the mad- 
stream musl have swelled into great waves, as in a sarging 
earrent. This is attested by eye-witnesses. The wave-like 
traees )eft on the sides of the hill (Pl. VI.) show how the 
lorrent surged upwards when it met any obstaele either obH- 
quely or at right angles. In one ease near Kawakami, the 
earth reaehed a height of at least 40 mbtres above the 
general level on a hill facing the direetion of flow and at 
other plaees a spur of the hill whieh the eurrent stroek 
oblIqaely eaused an uprush of from 30 to 60 m^tres. The 
general appearanee of the present surface is one of extraor- 
dtnary havoc and confusion, irregular lumps of earth being 
mixed up with torn-off trunks and branohes of trees, fragmeats 
of timber, and stray boulders of huge size. In some plaees 

B 
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the matter has been largely adinixed with water, and is treaeh- 
erous to walk on. 

In deseribing the phenomena of the earth and roek dihris^ 
the word mud has been frequently used by several observers, 
who speak of " mud-stream," " mud-field " ete. We also have 
used the term above, but it must be esplained, to avoid mis- 
eoneeption, that we have done so for convenience only. Some 
eommentators, indeed, have erroneously elassed the pheno- 
mena with those of the " mud volcanoes " of whieh we read in 
geologieal text-books that, while some have been known to 
throw up mud to a great height, in others Iiquid earth only 
oozes out quietly, and gradually lorms an earth-ring round the 
erater. Sueh outbursts, however, are no more than moderate 
manifestations of subterranean energy^ and are almost insigni- 
ficant in eomparison with the tremendous forces that destroyed 
Kobandai-san. Moreover, as far as our prolonged examina- 
tions went, there was no evidence of any diseharge of mud 
from beneath. It is true that in the Nagase valley and other 
plaees there are now immense quantities of mud, but these 
beeame mud only after the eruption. During its deseent, for 
example» a part of the dihris^ mingling with the waters of 
ponds and lakes in its eourse, doubtless acquired a muddy 
eharaeter and was thus assisted in its flow ; and, again, that 
whieh reaehed the stream of the Nagase-gawa beeame ad- 
mixed with sufficient water to thin it to the eonsisteney of a 
paste. But by far the greater volume was comparatively in a 
dry state, being molstened only by eondensing steam, and 
must have derived its fluid or semi-fluid properties from a 
rapid proeess of pulverization after the manner already de- 
seribed. 

With regard to the seeondary mud-stream that ran down to 
Min6, there has been a diver8ity of opinion. Some ^isitors 
imagined that there must have been more than one erater— 
that, in fact, the materials whieh destroyed Min^ had a sepa- 
rate origin from the rest ; and a cleft or depression at Hikage 
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in Biwa-sawa, whieh, as viewed from below, bore some resem- 
blanee to a broken orater-wall, was not unnaturally regarded 
as a proo! of this assumption. But the spoti when examined 
by us, was found to be wanting as well in the eharaeteristie 
feature of a erater as in any appearanee of its having been the 
origin of a vioIent volcanic outburst. If there had been sueh 
an outburst as to produee the vast quantity of matter that de- 
seended towards Min^ we must have seen the erater or cavity 
from whieh the matter issued, unless indeed it were supposed 
to have oozed forth gradually after the manner of some of the 
mud-volcanoes already spoken of — a supposition, howevery 
whieh is absolutely at variance with the observed facts. 

The matter whieh deseended toward Min6 was really found, 
upon elose examination, to be the loose red loamy soil that 
had formed the superficial covering of the Aanks of Bandai, 
largely admixed with ash or dust, and boulders. The red 
eolour of the soil was, however, eoneealed from view by the 
eoating of grey*coloured "ashes/' 1030 cm. in thiekness, that 
feU espeeially abundantly down Biwa-sawa, the wind having 
been direeted straight into that ravine during the eruption. 
At Numano-taira the aeeumulation of ashes was espeeially 
thieki and from thenee it gradually lessened toward the lower 
part of Biwa-sawa. The mud field of Min^ examined some 
time after was found to have been eut by the aetion of running 
water into numerous deep ehasms often forming perpendieular 
walls and exposing the red loam underneath. 

Among the various phenomena that eonstantly bewilder the 
eyes of visitors to the seene of the eruptioUi not the least 
striking are the numerous big bouldersi some of them measur- 
ing from 5 metres to 10 metres eaeh way, that are to be seen 
resting on the surface of the dibris far away from the erater. 
These have evidently been earried along as part of the mud 
eurrenti and not hurled through the air. Not less eurious 
are the quantities of small eones, varying from a few metres up 
to 15 metres in heighti whieh are seattered here and there over 
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the 8urfaGe, standing oat of the dibris iike so many miniature 
Fn]iyamas, Fjg. i, Pl. VII. and Pl. VIII will give some idea 
of these ob]ect8, as seen respective]y from the northern and 
eastern side of Bandai. When elosely examined, they are 
lonnd to be disintegrated enimbling roeks, so affected by the 
ageney of heated steam and eorroding gases as to have lost 
their eompaetness. They are similar in eharaeter to the dls* 
integrated roek eommonly fouBd near the erater-walls of active 
volcanoes. During and after their swift deseent down the 
mountain sides, these loek masses have erumbled away, and 
the dibris, falling around their bas^s, has assumed a eonieal 
shape by formiog taluses around them. Fig. i, Pl. IVy is a 
sepresentation Qf one of the sn^aller of these hills found near 
th? foriner site of th^ Ki^wakami spa. 

On reaehing the outposts of the mud field, no one oould 
help being struek by the singular way in whieh the advs(ncing 
Btream of roek and earth seemed to have suddenly stopped» 
ahowing a vertioal or nearly vertical faoe, a few metres high. 
It 18 apparent that the dibris of roek and earth in their 8wift 
deaeent behaved like a fiuid, but on nearing to the plain belov 
they gradually lost speed and were ultimately brought to rest ; 
the materials that foIlowed, on aeeount of their great friction 
and adhesion eould not pass the limit set by their predeees-» 
Bors, and were piled layer on layer, thus forming a steep edge. 

As 18 usual in all volcanic outbursts, large quantities of 
greyish-blue dust, or so-ealled ashes, fell during the eruption 
in the form of showers. £vidently mueh of this dust was pro- 
dueed by the meehanieal trituration, during their fiight through 
the air of the roeks cjepted by the explosions, whieh roeks, as 
already exp^ained, had been rendered highly fris(ble by the 
aetion of steam and gasea. We found, in fact, that the dust 
was allied in eharaeter to the puWerulent matters eomposing 
the eonieal heaps of dibris above deseribed, and tbat both 
were derived from the andesitie roek whieh eomposed 
the mass of Bandai-san. Henee it is apparent that this dust 
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or ash id quite different in eharaeter from the ashes that arb 
asnally ejectcd from traters iii other volcaniic eruptions, e^»f 
that of Krakatoa in 1883^ In saeh easeSi the ashes are chiefl]^ 
derived frt>m molten magma, expelled by steam and mixiBd 
with fragments of the pte^kisting rocksf. They eontain, there* 
fok«i more or less glassy matter, and are in fact pumieeous. 

. On the morning of the isth, the wind blew from the W.N.W.^ 
So that the dust was earried toWards the E.S.E., gradually 
spreading as it reeeded from the mountain. On the eoast of 
the Pacific Oeean, whieh is 100 ktlometres or 62 miles from 
the volcano, the width of the du$t-fall was 50 kilometres or 
31 miles. In shape the dust-strewn area resembled that of 
partlj opened fan, as shown by the dotted spaee on Pl. X. 
Oa the land it covered a spaee of about 2,050 square kilome'' 
tres or 790 square miles. How mueh farther it spread over 
the oeean we had no means of aseertaining. 

At the immediate foot of the mountain, speeially toward the 
S.E.y the dense eloud of diist prodUeed pitehy darkness, whieh; 
however, did liot last long ; in the eourse of an hour the glootti 
had dimitiished to aboutthat of the twilight of a rainy evening. 
But it was nearly 4 o'eloek in the a^ternoon, or 8 hours aft6r 
the eruption, before the dust wholly eeased to falt. The 
thiekness of the deposit was about 0.3 mbtre on the sduth and 
and east Aanks of Biwasawa. In part the fall was in the form 
6f a stieky, sealding mud-rain, produeed by' eommingling of 
the dust with eondensing steam. It inflicted terrible buruEi 
iipon people exposed to it, and was the eause of many deathd. 
The ground also beeame so hot from this raln and the later dtist 
that people had great difficulty in walking upon it. £very ob]ect 
was covered with a thiek grey eoating. Foliage, espeeially, thal 
Of the iugi {Crypiomer$ajapomca), presented a very euriouB 
appearanee» the leave8, branehes, &e.| beib^ elothed with a 
Ihieki pasty, and highly tenaeious deposit resultlng from a 
misture of dust with eondensing vapour. In Shibutani and 
its neighbourhood, whieh esperieneed the full effect of the 
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da8t-fa1], not a green thing eould afterwards be seen. Hoases, 
paths, trees, tields, in fact all visible objects — wore a greyish 
hue. At Miharu, a town 38 kilometres (24 miles) east of the 
Yokano, the dust began to fall at about 9 a.m. and lasted till 
2 p.m. During this period the sky had a dim and eloudy 
appearanee, as on a misty day. The ashes hardly covered the 
ground, but all the ]eaves of trees and vegetables were tinted 
grey. At the eoast a very slight iilm only was perceivable on 
the house-roofs and foliage. Damage to plants and erops by 
the fall of dust extended as far as 10 kilometres from 
Band^isan. 

The expIosions were aeeompanied by terrible wind blasts, 
or eoups dt veni. In the parts most exposed to the fury of 
these blasts, houses were IeveIIed to the ground and trees torn 
up by their roots. £verywhere, however, as might be expect- 
ed, the fall was in a direetion radially away from the forces of 
explosion, whieh was also the origin of these destructive and 
fearful gusts. In Pl. I. the .area swept by the windblasts is 
shown by arrows, their heads pointing in the dieeetions in 
whieh the trees and other objects fell. It was eurious to see 
the manner in whieh one partieular field of growing riee, on 
the south-east of the voIcano, had been thus levelled by the 
wind. The slender stalks were laid fiat upon the ground as 
evenly and regularly as if they had been eombed down in 
parallel lines. Not a stalk lay aeross its neighbours. The 
heads of riee in one furrow covered the roots in the next 
furrow, and the entire field look like the warp of some huge 
loom ready for the weaver's hands. 

It would appear that the tremendous explosions of steam at 
qaick intervals, lasting for about a minute, produeed violent 
disturbanees of the air, consequent upon the sudden radial 
expansion of the liberated volumes of steam. When a large 
pieee of ordnanee is fired, grasses, shrubs, and objects in the 
yieinity are overthrown by the sudden expansion of the gaseous 
produets eseaping at the muzzle, whieh, displaeing the air. 
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imparts to it a forward impulse and violent vibratory motion. 
The eruption of Bandai-san may be aptly eompared to the 
firing of a*tremendous gun — sUeh an one, however, as ean only 
be forgedgby Nature. 

Plaees sereened by hills and mountain side eseaped. Mara- 
mori-yama, situated near the mouth of the erater, and fully ex- 
posed, received the severest damage. This hill, whieh was 
formerly covered with a thiek forest, now presents a most 
melaneholy appearanee, the few trees left standing being as 
naked as telegraphie poles. The levelling of houses and 
shattering of forests are of eommon oeeurrenee in great storms. 
But on this oeeasion the destroying tempests espeeially near 
the erater were. something more than atmospherie, eonsisting 
besides of heated blasts of steam and air, thiekly mixed with 
dust and rock-fragments fierce enough to erush the trees and 
to strip them not only of branehes but even of their bark, 
and withering, seoring, and seorehing everything in their eourse. 

Some of the most terrible effects of these tornadoes were 
wrought in the Biwa-sawa and its vicinity. Originating at the 
old erater, Numane-taira, this glen, the deepest and widest in 
Bandai-san, deseends direetly and in an unbroken line to th^ 
villages Shibutani and Sirakijd. Notwithstanding the eom- 
paratively great distanee of these two villages from the erater, 
the wind-blasts were impelled towards them, down the Biwa- 
sawa, with prodigious force, and wrought havoc from- whieh 
plaees a little out of the direet eourse of the wind were happily 
exempt. In the woods on the S.£. slope of Akahani-yama 
and on the west side of Biwa-sawa, the effects of the storm 
were espeeially striking ; trees with a diameter of more than a 
a metre had been laid prostrate on the ground in thousands ; 
«nd a forest was thiekly eneumbered with fallen trees. Estimat- 
ing the probable velocity of the wind from the e£Fects produeed 
in this loeality, Mr. Y. Wada, of the Imperial Meteorologieal 
Observatory, thinks it ean hardly have been less than 40 
metres per second> or about 90 mlles per hour. Here, as 
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the expanding steam and the rush of air, and saved the Torests 
behind. But on the north, there being no obstruetion in that 
quarter, to whieh moreover the diseharges were direeted at an 
inelination to the vertical, the effects were probably tremendous, 
as was evidenced by the eondition of Marumori-yama. Indeed, 
every spot of the ground to the north of the erater, for several 
kilometres» was utterly tumed ' topsy-turvy ' and every land- 
mark obliterated. For this reason it was impossible to tell 
the real state of things in that quarter. 

It is well known that at voIcanic outbursts the immense 
voIumes of steam suddenly espanding oeeupy a mueh larger 
spaee than that of the original bulk. This sudden expansioQ 
eools the temperature of the surrounding atmosphere and 
lowers its pressure. Moreover, the steam in part eondenses. 
To iill the partial vacuum thus produeed, and to equilibrate 
the redueed pressure, there foIIows an inward rush of air 
towards the erater. The strong winds eommonly deseribed as 
a feature of voIcanic eruptions, are probably due to this eause, 
and the same thing doubtless happened to a eertain estent in 
the ease under diseussion. Bnt the fearful blasts that wrought 
sueh havoc in the forests and villages on i^th of July eertainly 
were not eounter eurrents of this elass, however strong these 
may have been. It was the gusis/rom thevolcano that in this 
instanee wrought the real havoc. 

A whirlwind is deseribed as having oeeurred during the 
volcanic eruption* in the Island of Sumbawa, in Java, on the 
5th of April, 18 15, when, soon after the ashes began to fall, a 
vioIent whirlwind ensued, whieh blew down nearly every house 
of Sangir ; it tore up by the roots the largest trees, earrying 
them into the air, together with men, horses, eattle, and what- 
8oever eame wilhin its influence. The whirlwind lasted about an^ 
hour. It is not stated in this aeeount, however, how the whirl- 
wind was eaused. 

Several visitor$ to Bandai, aseending from the south sides 

*l.yeirs Prineiples of Geology, I2th Ed. Vol. II., p. 104. 
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and approaehing the summit, had their atlention attraeted by 
nnmbers of eurious eonieal basin-like holes, evidently the fruits 
of the late eruption. Their size varied from .2 to 3 metres in 
diameter and from a few deeimetres to more than a metre in 
depth ; and they were generally wider at the mouth than at the 
bottom. They were found in thousands in the neighbourhood 
of the erater, as well as on the extensive slopes of Obandai and 
Akahani, a few kilomelres away. 

As to the origin of these holes, though they were not perhaps 
a very important phenomenon of the eruption, it ealls for a 
brief diseussion, beeause it has been the sabject whieh has 
eaused a good deal of diversity of opinion and some Iively eon- 
troversy. First of all, they were regarded by some witnesses 
as miniature eraters, eaeh formed by a small expIosion of 
steam. This supposition arose from the fact that several of the 
holes had the appearanee of having been formed by ejection8 
from below the surface, and that in some eases steam had 
been seen issuing from the holes. But the latter phenomenon 
was only to be seen near the soUatara adjoining the new erater, 
from whieh steam had been issuing for ages ; and the appear- 
anee of fresh steam-jet$ in that loeality would not be surprising 
after the convuIsions eaused by the eatastrophe of the i^th of 
July. Even, however, if it.be allowed that there were a few 
slight steam expIosions in this immediate vicinity, it is, in our 
opinion, impossible to extend any sueh hypothesis to the 
innumerable holes of like appearanee that were seaitered over 
the extensive and distant slopes of Obandai, Akahani, &c, 
Prof. J. Milne, on the other hand, regarded the eause of the 
holes as seismie, but not volcanic, that is to say, he eoneluded 
that earthquake-waves produeed at the time of the eruptions, 
and passing through the soil, eaused sub-surface eompression 
and distortion and thereby ejected earthy matter from below, 
by the spouting aetion of water. We shall show farther on 
that the above theory ean hardly be applied to any but a few 
marshy spots in Numano-taira to be presently deseribed. 
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Othersi again, eontend that the holes were eaused hy the 
fall of stones projected into the air from the erater. l*his we 
take to be the true expIanation. Pu2zled at first as to the 
origin of the holes, but determined to investigate it fully, we 
dUg a number of them open. Thereby our doubts were soon 
deared up. We found embedded in the ground brittle and 
treshly fractured stones that had apparently been shot forlh bj 
the volcanic outburst. Where the soil was roeky/ fragments 
of similar stones were seattered all about. In one ease we 
obtained very decisive evidence. A stone was discovered in 
soft loamy soil formed by the deeomposition of andesitie 
roeks, at a depth of nearly 2.5 metres below the surface. The 
stone was angular in shape, measuring nearly 0.5 metres eaeh 
way, and showed a freshly broken surface. Leaves of bamboo, 
dwarf pine, and ereeping surface plants had been earried with 
it into the soil. These were mueh paeked and erushed, but 
were still fresh and green when dug out. On elosely ex- 
amining the hole we found that, although more or less funnel 
shaped near the 8urface, it had been sharply eut through in a 
tubular form, by the passage of the stone whieh lay at its 
bottom. The original tubular passage was, however, filled up 
by the loose detritus mixed up with ashes, and here and there 
with shrubs and bamboo twigs, while the surrounding soil was 
a eompaet native red loam. The main features of this hole 
are shown in the diagram on the opposite page. 

It was stated before that the steam aseended perhaps 1,280 
metres (4,200 ft.) above the erater. If stones were thrown up 
to the same height as the steam eolumn, their initial velocit]r 
must have been 158 metres per seeond, and thismaybe 
roughly taken as the final velocity with whieh, on faHing down, 
they would reaeh the ground. But if we suppose that the 
steam and stones reaehed to double or treble the above height, 
whieh is not improbable, the initial velocity beeomes 224 and 
274 metres per seeond respectively. The velocity needed fot 
penetrating a soft loamy soil to a depth of 2.5 metres would 
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bt between 300 metres and 900 metres per seeond, aeeordin; 
to the values o[ cocfficienta we lake, but in these ealealations, 
as we are using sevcral more or less arbitrary assnmplions, we 
eannot take them as a sound basis for disi 




It leems not strange, however, to find tbat the basin-lilee 
boles weanng tbose appearanees o( baving been blown ont 
from below bave led to ihe iheory of iheir formaiion by 
iaternal explosion. Stones slriking the ^ouud with great 
forct> would make holes of larger diameters than Iheir own by 
throwing ihe surrounding eanh outward. Again, if the fall 
of any stone take plaee at a tpot where theie are roeks on or 
near the suTface of ihe graund, Uie eoneussion will shatter ib« 
lalling stone and at (he same lime blow up the adjoining soil, 
tbas produeing the appearanee of au eruption. We bav4 
witnetsed great numbei of ihose eases on Obandai and 
Marumori-yama. 

The inhabitants at Ihe base o[ the mountain nolieed among 
tbe ristng ateam small and large wbite objecti aseending and 
deseending like shooling slars. At one time, tbey were so 
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numerous that they almost looked Hke white rain. It seems 
very probable that these objects were stones .ejected from the 
erater. 

That large fragm^nts of roeks are hurled into the air during 
volcanic eruptions is a matter of eommon experience. But 
that they have Ieft their traees upon mountain sides in the 
form of eonieal holes has not, as far as we know, been 
reeorded ; perhaps it has never been observed. It must not 
be forgotten, however, that there would have been no sueh 
holes on Bandai-san if there had not been the thiek layer of 
8oft loamy soil to receive the falling roeks. 

Mr. £. Odlum, of the Toyo Eiwa Gakko (OnenUl English 
Sehool), Tokyd, made a thorough investigation of the eonieal 
holes. He went twiee to Bandai, the seeond time for the sole 
purpose of examining the holes, and his observations on the 
spot were very eomplete. Indeed, we eonsider that the fact8 
and proofs brought forward by this observdr must be held to 
settle the question. In a paper read last autumn before the 
Seismologieal Soeiety of Japan, Mr. Odlum showed that 
hundreds of thousand of stones had been hurled into the air 
from the erater. People were wounded and forests were 
shattered by them. Sometimes fragments of roeks of eon- 
siderable 8ize were imprisoned on broken trunks of trees. 
Native mountain roeks had on their upper surface marks and 
sears made by the stone projectiIes. On excavating some of 
the holes, Mr. Odlum found in them embedded stones, some 
of whieh weighed 4,cxx> Ibs. or 1,814 kilogrammes. Under 
these grasses, weeds, leaves, branehes, and other kinds of 
vegetable materials were sometimes discovered, often bruised 
and shattered till they had the appearanee of having passed 
between rollers. Many of the stones fell in a slanting 
direetion ; they were not lodged in the eentres of holes, but 
almost always to one side, that is, the side away from the 
erater. The earth round the embedded stones was solid and 
native— no sign of their having been disturbed by expIosive 
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aetion or the like was foand. The whole mountain, the top 
as well as valleys, was covered with these pits as if it had had 
a heavy attaek of small-pox. To suppose, eontinues Mr. 
Odlnm, that the holes were formed by the spouting aetion 
of subterraneisin water, as is held by some authorities, we must 
assume that the whole mountain was literally made up of water, 
and inundation must eertainly have resulted from the ereation 
of sueh immense number of water jets in a short spaee of time. 
Mr. Odlum made numerous measurements of the pits ; they 
vary from a few feet in diameter to over thirty feet, and from 
2 to 10 feet in depth. 

Lieut. Y. Nakashima, of the Army Department, who sur- 
veyed the voIcano after the eruption, and who, from the nature 
of his work, acquired an intimate knowledge of the whole 
area, is in entire aeeord with our opinion asto the origin of 
the pits. 

Notwithstanding these evidences, however, the eonelusions 
arrived at by us and other workers have been freely criticizedy 
and doubts have been thrown upon them. Prof. J. Milne of 
the Imperial University, dissenting from our views and those 
of Mr. Odlum, believes that the eause produeing the holes was 
seismie in eharaeter — ^to wit, the severe earthquake that aeeom- 
panied the eruption. He quotes Robert Mallet in support of 
the hypothesis that they were produeed by the spouting aetion 
of water from beneath, resulting from seismie eompression of 
the substanee of the ground. Similar pits, he says, were made 
in the great Galabrian earthquake of 1783, and they were 
speeially investigated by a eoromittee sent from the Royal 
Aeademy of Naples. These gentlemen also dug into holes, 
Prof. Milne eontinued to say, but we do not hear of their hav- 
ing found any boulders. We (the authors of the paper) think 
that the Neapolitan seientists did not strike into boulders, 
simply beeause the pits In the Galabrian plain were not formed 
by falling stones, whieh was the ease on the slopes of Bandai. 
It was also argued that like phenomena were observed in the 
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was felt in the Bandai-san distriet its origin was far away to 
the west near the eoast of the Japan Sea. 

On the morning of the i5th, at a litlle after 7, a feeble 
earthquake oeeurred, but it was so sh'ght that many failed to 
notiee it. After half-past seven a severer shoek ensued, last- 
ing nearly 20 seeonds. This was followed soon after by very 
Yiolent convulsions of the ground ; houses roeked and swayed, 
furniture fell down, and the frightened people felt the ground 
heaving beneath their feet. It was reported that the nature of 
this earthquake difiPered from that usually experienced, in that 
yertieal motions greatly predominated. The shoek was a long 
one, lasting, aeeording to some aeoounts, for fully a minute. 
While it was still in progress the eruption took plaee. Con- 
sidering the tiereeness with whieh this earthquake shook the 
immediate vicinity of the mountain, it is remarkable ihat the 
rntensity was very rapidly deereased as the seismie waves were 
propagated into the surrounding region, and the shaken area 
was limited to a radius of, roughly speaking, about 48 kilo- 
metres, or 30 miles. This may be aeeounted for by the fact 
that the origin of the shoek was rather near the surface. On 
Pl. X. the boundary of the the area shaken by the earthquake is 
shown by a thiek elliptieal line. 

Yoleanie eruptions are generally aeeompanied by earth- 
quakes, and the shoeks on this oeeasion prove that sudden ex- 
pansion of steam and breaking up of the earth*s erust may 
produee seismie vibrations. The ellorts of the pent-up steam 
struggling to force its way through the superineumbent 
masses, at last sueeeeded in bursting throngh a weak point, 
the explosion being aeeompanied by violent convulsions 
of the ground ihat were propagated as seismie waves. 

On the 2oth of July, at 11.50 a.m., a feeble shoek was ex- 
perieneed. Other minor shoeks are said to have subsequently 
oeeurred. 

To see whether the ground in the erater was perfectly quiet 
after the eruption, we took with us a delieate though soinewhsLt 
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roughly made pendalum tromometer, whieh had a magnifying 
power of 27. We first set it near a iissure from whieh power- 
fal jets of sleam were issuing with hissing sounds. In that 
posilion the inslrument indieated very feeble vibrations of the 
ground, whieh were doubtless eaused by the issuing jets. We 
next set it in Nakanoyu, near our eamp, and made daily obser- 
vations. As far, however, as the magnifying power of the 
instrument enabled us to judge, there was no evidence of 
lingerrng earth-tremors. And it would seem from this that the 
forces whieh produeed the expIosion had been eompletely 
expended in blowing away the mountain, and that the region 
had already beeom^ seismieally quiescent. 

Near ihe voIcano the detonations in the earlier part of the 
eruption were deseribed as deafening. Though rapidly les- 
sening in intensity, the thundering noises lasted for nearly an 
hour, and did not entirely eease for several hours. The area 
over whieh the sound extended was very mueh smaller 
than might have been expected. From the tabulated re- 
ports at the end of this paper, and from other sourees; 
ii appears that the sounds of the explosions Were not 
heard distineily at a greater distanee than 48 kildntetres or 
30 mrles to windward of Bandai-san, though to leeward 
they were audible at the Pacific eoast, a drstanee of 100 
kilometres or 62 miles. How mueh farther they reaehed, 
6ver the sea, we had no means of aseertaining. Mr. K. Naka- 
shima, of ihe Geologieal Survey, told us that, while he was^ 
aseending Kinboku-san, in the island of Sado, on the morning 
of July I5th, he heard dull rumblings whieh were supposed at 
the time to proeeed from the firing of heavy guns in the neigh- 
bouring harbour (Report 21). Sado is in the Japan Sea, 
nearly 161 kilometres or icx> miles west from Bandai-san, and 
therefore to windward of it. Possibly, however, the sounds 
heard by Mr. Nakashima eame from the voIcano. It was also 
reported that peeuliar detonating sounds were heard on the 
same morning in Takai-kori^ in the Province of Shinano, 
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distant about 164 kilometres or 102 miles south-west from 
Bandai-san. The barograph in the Imperial Meteorologieal 
Observatory in Tokyo, whieh is 212 kilometres or 132 miles 
soulh of Bandai, was not af!ected. The magnelometer in the 
Observatory also gave no reeord that eould be regarded as an 
efiPect of the eruption. 

While we were staying on the mountain we often witnessed 
the fall of large masses of the perpendieular erater wall, whieh, 
eoming down from great heights with stupendous force, were 
smashed into thousands of fragments and deseended with 
whirlpool-like movements to the lower levels. These slips pro- 
dueed terrible rumblings, whieh resounded throughout the erater, 
and were also heard far away. By the already panie-strieken 
inhabitants of the neighbouring villages these repeated noises 
were regarded with eonsternation as tokens of a furlher 
vo1canic outbreak, and it was weeks before they beeome paei- 
fied and assured as to the real eause. 

From the aseending eolumns of steam and ashes vivid zig- 
zag fiashes of lightning were seen to dart forth, and were 
aeeompanied by loud roars of thunder. These phenomena, 
observed ffom several points around the mountain, may be 
regarded as resulting from the diseharges of frictional elee* 
trieity whieh, as is well known, are liable to be brought about in 
Yoleanie expIosions when steam at high tension eseapes through 
a narrow orifice, and eollides with the surrounding air and the 
more solid ejectamenta. 

While the main eruptions were going on, the people in 
Inawashiro and the neighbouring villages saw through the 
densely falling ashes innumerable vivid sparks of fire on the 
slopes of Obandai and Akahani, at eonsiderable distanees from 
the erater. These sparks were quite different in nature from 
lightning, presenting ralher an appearanee as of the firing 
of a vast number of guns. The probable exp1anation of 
the phenomenon is that sparks of fire were produeed by 
stones and roeks striking against eaeh other in the air 
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or falling on a roeky bed. Pragments of roeks are seat- 
tered in abundanee on the slopes of Obandai, but we eould 
discover nolhing to lead us to believe that there had been 
eombustion or any other heat manifestations. Sensational 
newspapers in their aeeountg of the eruption spoke of lurid 
Aames, of a blazing erater, and other terrors all probably 
founded on the peasants' reportsof thesparksabovementioned. 
It very rarely oeeurs, however, in voIcanic eruptions that 
Aames are produeed by the burning of gases issuing from 
eraters. Sir W. Hamilton, in deseribing the Vesuvian eruption 
of 1779, noted that large vitrified masses (bombs), faHing 
upon the ground, broke into many pieees, and set fire to eom- 
bustible objects. In this ease, however, the fire was produeed 
mainly by the heat of the fused masses, whereas at Bandai the 
sparks were eaused by impaet. On the other hand, at the time 
ofthegreatvoIcaniceruptionofTarawera, NewZeaIand, in 1886, 
the falling sand was said to have been hot and to have set the 
trees on fire.* 

As regards unusual optieal phenomena, we have heard of 
one or two only that seem to have been eonneeted with the 
eruption. Anything like the twilight-glows, haze, ete, whieh 
were sueh important features after the Krakatoa explosion, 
eould hardly be looked for in this ease, whieh, though ex- 
eeedingly remarkable in many respeets and interesting in the 
highest degree, was very mueh inferior in magnitude to the 
gigantie eruption of 1883 in the Sunda Strait. However, an 
observer at a plaee about 87 kilometres or 54 miles S.£. from 
Bandai notieed towards evening on the day of the eruption 
sparkling rays of red light issuing from the elouds (Report 
14). Another, Iiving in a village S.S.E. of the mountain, saw 
with mixed fear and delight how the rising eolumns of steam 
from Bandai-san, refracting and deeomposing the light that 
fell upon them, produeed a most beautiful display of variegated 
eolours (Report 8). 

* Nature» Vol. 34, 1888, p. 392. 
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It has been often asked whether there were any premonitor^ 
^igns of the expIosion. It is eertain that slight shoeks were 
felt on previo.us days, as well as half an hour before the out- 
|}urst. But beyond this the evidence is vague. Some persons 
youeh to having heard mysterious rumbling sounds in the 
mountain prior to the eruplion. 'Again, some animals are said 
to have shown alarm. No doubt before an expIosion of sueh 
magnitude as that of Bandai-san, earlh must have been in a 
seismieally sensitive eondition, and eertain animals whieh are 
known to be highly suseeptible to even minute earth-tremors 
may very well have been frightened on this oeeasion. Some 
well-waters are also said to have diminished in flow. None of 
these alleged facts, however, have been elearly established on the 
evidence of trustwiorthy persons. On the other hand, Mr. Tsuru- 
maki says in his letter (see above) that the bathers at Nakanoya 
did not observe any abnormal ehanges in that spring, though 
it is situated on the very edge of the new erater. It woul4 be 
interesting to know exactly how Lake Inawashiro behaved be- 
fore the eruption. The water level of that lake is systematie- 
ally reeorded at two plaees on the shore, for purposes of irriga- 
tion. But we were unable to leam, either from conversation 
with Mr. Akiyama, who keeps the reeord, or from the entrles 
in his books, that there had been any sudden Auetuations of 
Ievel during the two months preeeding the eatastrophe. In 
reports lodged at the Fukushima Prefecture it is stated 
that the river Nagase, the lake's chief feeder, deereased 
its flow from April or May, and that the water Ievel of 
the lake on the ist of Tuly was one foot lower than 
on the eorresponding day of the previous year. A eaptain 
of a steamboat running on the lake told us that his yessel, 
anehored elose to the shore, was moved outwards nearly 0*6 
metres by the disturbane» of the water. Though this disturb- 
anee oeeurred almost simultaneously with the eruption, we 
are disposed to agree with the eaptain in believing that it was 
9 result pf the $arthquake immediately preeeding it. 
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On the whple, the only premonitory signs that were really 
trustworlhy were the slight shoeks whieh oeeurred on previoas 
days and half an hour before the eruption, and no implieit 
faith ean be plaeed on the slight testimony in favour of other 
^arning symptoms. 

Yoleanoes have otten been deseribed as one of the prineipal 
l*estorative agents in eounteraeting ihe denuding aetion of 
water that tends to bring the surface of the earth to a level. 
In the late eruption of Bandai, bowever, tbe effect was de- 
8tructive and not constructive. The materials whieh had ac- 
eumulated in past ages gave way, and were thrown down from 
a higher to a lower Ievel in less than an hour ; the effect of this 
being analogous to a gigantie land-slip. In this way, eon- 
siderable ehanges have been wrought in the topography and 
eontour of the adjoining distriets. How the torrent of earth 
and roeks devastated an area of some 70 square kilometres 
(27 square miles) has already been deseribed in the preeeding 
pages. The general effect of this spreading out of dehris was to 
effect the levelling of the general eontour ; all the sarface, ravines, 
and gorges, being entirely filled up. The northern side of Ban- 
dai was, before the eruption, an undulating grassy plain — the 
'^ Hara " so eharaeteristie of voIcanic distriets in Japan — drained 
by the river Nagase, and dotted here and there with some strag- 
gling hamlets. Professor J. Milne, who visited this part of the 
eountry several years ago, deseribed it as eonsisting of grassy 
slopes without any exposure of roeks. The deseending deluge 
of dihris pouring aeross Obudaira, as the northern slopes of 
Kobandai are ealled, enguUed all the familiar land-marks, and 
converted the distriet into a desert waste. Thousands of 
eonieal mounds, large and small, have been formed on this 
vast sea of mud, giving a qulte unique appearanee. Not only 
have the depressions been (illed up, but the higher ridges hayp 
been redueed in hetght. The deluge of earth debris in its 
quick deseent, impinging on the prominenees that we|-e lying 
in its way, have aetually leaped over them, seraping off the 
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outer erust of the soil, and exposing the native roeks beneath, 
as a glaeier might have done. In olher plaees ihe torrent of 
roeks dashed against the hill-sides and seoured them away. 
Large'quantities of mud earried along.with roeks, dihris, and 
boulders, have penetrated deep into every reeess of the yalley. 
The largest and longest of the mud streams is that whieh 
Aowed down the slope of the river Nagase to the Kawakami 
spa. Near the village of Hibara, and the former site of the 
little hamlet of Hosono, the peaty deposits whieh had aeeumu- 
lated in the marshy ground have been ploughed up. Large 
elumps of red loamy soil mixed up with half carbonized wood 
and grasses are turned up or standing in an irregular state of 
eontortion.* Nowhere eould Ihe seouring aetion of the mud 
torrent be better realized than in these parts. 

The officiaI reports relating to the area of land buried under 
mud are given in the foIlowing figures. The loss of property 
invoIved is said to have been immensely great. There is ab- 
solutely no hope of recovering or reelaiming the buried land. 

SgUARE KILOMSTRKS. 80UARK MILBS. 

CuUivated land 0.82 0.32 

Plains 22.60 8.73 

Mountains and forests.., 4i*93 16.19 

Roeky slopes and glens 5.36 ...... 2.07 



Total 70.71 27.31 

It is highly probable that, though at present the new land 
appears like a desert waste, the growth of vegetation will take 
plaee in a comparativeIy short time favoured by the admixture 
of the fertile voIcanic produets. 

One of the most striking seeondary effects of the eruption 

* Among this turned up peaty deposit, an interesting oeeurrenee of 
irmant'/^ may here be notieed. The formation of this mineral seems 
to havebeen brought about throug^h the ageney of organie matter. It 
is found in the form of a beautiful azure-blue eoloured, fine powdeti 
filling up the spaees espeeially of the rind and eore of the fragmentary 
branehes of half carbonized wood belonging to some Coniferous tree. 
The spot, however, where wc have witnessed this phenomenon, being 
situated just on the southern front of Hibara lake, must have now been 
submerged under water. 
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is the formation of new lakes, due to the damming up of the 
river Nagase and its tributaries by the dibris of the shattered 
mountain. These lakes are four in number, and are shown 
on Plate I. They may be convenienlly ealled Osuzawa, 
Hibara, Onogawa, and Nakatsu (or Akim^to) lakes, after the 
tributaries of the Nagase to w^hieh they are respectively due. 
The largest of them is Hibara lake, measuring nearly 4 
kilometres or 2.5 miles from north to south, the breadlh being 
nearly \ of the length. These lakes eolitinued for many 
months to inerease in size, through the gradual aeeumulation 
of water within ihe newly formed barriers of debris, Thus it 
was not till fifteen days after the eruption that the village of 
Onogawa beeame covered with water. The inhabitants then 
fied to Hibara^ but were subsequently driven out from that 
yillage also as the waters gradually rose. 

Beside these Tour large lakes, there are seattered among the 
mudfield smaller patehes of water eaused by the aeeumulation 
of rain water, or formed by the smaller streams on the moun- 
tain-sides. These lakes will eontinue to inerease in size until 
the water eomes to the Ievel of the lowest possible oullet from 
the hemmed-in basin. The issuing stream will soon eut deep 
passages through the loosely eohering debris ; and it is to be 
expected that sudden yieldings of some of the barriers will 
take plaee. Henee will result a rush of eseaping water ac- 
eompanied by violent Aoodings in the lower eourses of the 
stream. It was thus that eertain villages and cultivated fields 
were Hooded when the Nagase-gawa burst its lowest barrier, 
whieh imniediately after the eruption quite stopped the flow of 
that river into Lake Inawashiro. Beeause of the loosely eom- 
paet eharaeter of the dibris, the eoniiguration, size, and 
number of these lakes will alter greatly as time goes on.* 

■ «^». ■■■■■■■ ■■■ ■! ■ ■■■■■^I W MI ■■■■■■»■ I ■ IMM».. ■ ■ ^■■1 ■ ^ 

* As this is passing through the press, we are able through the 
kindness of Professors C. G. Knott and C. Miehie Smith to eall at- 
tention to the remarkable ehanges in the region under eonsideration. 
These gentlemen visited Bandai towards the end of May, 1889. They 
report that iiibara and Osuzawa lakes have united into one huge lake 
whieh forms the most prominent feature in the landseape. The other 
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On the i3th of April of this year (1889) about 6 p.m., a 
large porlion of Onogawa lake was suddenly drained, and the 
torrent of water rushed through the mud-field, earrying mud» 
pebbles, and boulders to the lower Ievels. The embankment 
newly ereeted at Nagasaka and other plaees to proteet Iron^ 
inundation, was destroyed, and the water spread out into the 
cuUivated iields adjoining the distriet of Inawashiro. Con- 
siderable damage was done to bridges, and roads, but for- 
tunately the houses and inhabitants eseaped. 

New lakes or ponds are also being formed within the erater, 
by the eondensing steam and the rain water. The waters of 
these lakes eontain mueh soluble matters and some of them 
are hot. But as the erater-bottom is set in a sloping position, 
an aeeumulation of water to any eonsiderable extent eannot 
take plaee. 

The distant view of Bandai as seen from eertain direetions 
has been altered by the destruetion of Kobandai. When 
viewed from its south side, however, e.g., from the town of 
Wakamatsu, the mountain apparently does not show any sign 
of great ehange; the prominent peak of Obandai entirely 
sereening frpm view the plaee of devastation. Before the 
time of the expIosion, the top of Kobandai, when seen from 
this side, was presented as a small prominenee on the Ieft side 
of Obandai. Fig. 3, PI. VII., is a sketeh taken soon after the 
eatastrophe. The dotted outline in this iigure is the original 
form of Kobandai, whieh has now entirely vanished^ and in 
its plaee eolumns of steam are seen rising. 

The most magnificent sight is presented to view when the 
mountain is seen from the northern side, where the full force 
of the explosion may be best realized. The newly opened 

lakes are conr)paratively small. Of partieular interestt also. are their 
obseryations on the erosion of the new earth by the aetion of runnyng 
water. Ihus the comparatively small stream that ran down Biw9> 
sawa has eut out of the new earth a deep V-shaped gorge, in many 
plaees attaining a depth of 40 or 60 meters. At these plaees tbe 
Stream has not yet eut down to the original_surface. See their paper, 
loUowing this one. 
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exp1osion-cra(er (Fig. i, Pl. II., Fig. i, Pl. VII.) is fully dis- 
elosed, the wreath of steam rising from its eentral linear 
fissures like a eumulus eloud. The sound of the evolving 
steam is distinetly heard from the village of Hibara fully 9 
kilometres distant, evident1y due to the fact that the erater 
opens unobstrueted on this side, and is baeked by perpen- 
dieular walls. On the right side we see a jagged roeky pre- 
eipiee, the remains of Yugeta-yama whieh formed a small 
prominenee on the flank of Kobandai. The extensive waste 
of mud and roeks, gradually sloping from the erater toward 
the plain below with its eurious eonieal roek-hills and bared 
mountain sides, gives a most vivid and awful impression to 
the mind of the vastness of the devastation. 

It would have been very interesting to eompare the original 
lorm of the mountain as seen from the north with its pres.ent 
form. But as we have already stated this part of Bandai was 
very seantily peopled, and hardly ever visited by seientists, so 
that there seems to exist no sketeh or photograph showing an 
aeeurate outline of Kobandai before the exp1osion. 

The aeeompanying figure shows the probable appearanee of 
the mountain previous to the eruption, this reeonstruetion of 
the original seenery being made from the sayings of the people 
who knew the mountain well, and from general topographieal 
eonsiderations. The dotted line in the figure is the present 
ontline of the mountain, viz., the reproduetion of the outline 
as shown in Fig. i., Pl. YII., redueed to one half. 

The prominent peak (^k) is intended to be the restored form 
pi Kobandai or Little Bandai, whieh when seen from this 
side must have looked more massive and prominent than 
Obandai, or Great Bandai (a). To the west of Kobandai 
immediately over Kamino-yu (^), is seen a small prominenee 
known as Yugeta-yama (/), whieh was half destroyed, formr 
ing now a very rugged preeipiee as already mentioned. It 
is to be obseryed that the fumaroIe of Kamino-yu is situated 
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within a small ravine having a very steep side-wall, probably 
itseU a small explosion-crater formed at some former period. 

Four hamlets — Osuzawa, Hosono, Akimoto, and Kawakami 
— have been eompletely buried beneath ihe roek and mud 
along wilh their inhabitants and eattle, Ieaving no visible traee 
of their former existence. Even the few survivors who 
eseaped death by their timely absenee from home eould not 
tell where their villages had been, as every land mark was en- 
tirelyoblilerated. Seven villages — Min^, Nagasaka, Shibutani, 
Shirakij6, Hinokuehi, Myoke, and Ojigakura — were partially 
destroyed either by the avalanche of earth or by the storm of 
wind and rubbish, and were thiekly covered by ashes. The 
loss of Iife and eattle was also eonsiderable. The destruetion 
of the three spas in Bandai-san, viz., Kaminoyu, Nakanoyu, and 
Shimonoyu, has already been mentioned. In all, i66 houses 
were either totally or partially destroyed. 

The.total number of lives lost amounted to 461. The 
prineipal eause of the death was the deluge of roek and mud 
dSbris, In some insjLances people were buried under their 
roofs, having no time to eseape ; but in the majority of eases 
tbey were eaught in the swift torrent of mud while endeavour- 
ing to reaeh some safe plaee. Many were also battered by 
falling stones. A most remarkable ineident oeeurred in the 
village of Nagasaka whieh had 168 inhabitants, and was at- 
tended with a seiious loss of life. This village being situated 
behind Kushigamine was effectually sereened from tlie direet 
attaek of the mud eurrent. On the morning of the eruption 
wheh stones and earth began to fall upon their roofs, aeeom- 
panied by appalling noises and earthquakes, men and women 
rushed out of their houses leaving the old and young behind^ 
and attempted to eross the valley of Nagase in order to reaeh 
the opposite hill whieh they thought to be a safer situation. 
They had only to travel not more than 500 melres aeross, but 
of ninety-two thus fled, not even one reaehed other side safely, 

Out of the total of 461, only 117 eorpses were recovered, all 
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the remaining bodies being entirely buried under the mud. The 
number of wounded was 70 in all. They were mostly burnt 
and searred by the hurrieane of hot ashes and falling stones. 
The wounds in several eases were very peeuliar. Fragments 
of roek projected violently from the mountain, impinged upon 
the unfortunate people like grape-shot. The suAPerers were 
tossed about and often felt as if they were lifted up bodily into 
the air; at thasame time their elothing was torn off, even to 
the under-garments. In many eases bits of stones were found 
stieking in the skin and iiesh of the victims, ^nd were with 
difficulty extracted. In one ease the skin was eompletely 
peeled off from a woman's skull, probably torn through en- 
tanglement with trees or other objects whieh were being 
violently hurled along. The mere eontemplalion of sueh ex- 
perienees is horrifying. 

Bandai-san after the Eruption. 

The winter elimate of this part of the eountry is very severe. 
Snow begins to fall in the middle of autumn, so that in winter 
travellers are rarely seen, and the peasantry hardly ever venture 
far abroad. The result is that very little knowledge ean be ob- 
tained aboutthe behaviourof thevoIcano during theeold months. 
Mr. S. Kobayashi, a sehool-master at Inawashiro, who helped 
us in various ways during our stay in Bandai-san, has, at our 
request, very kindly given us the following information ; — 

Letter dated Nov. ^th, 1888. — Sinee the eruption, even in 
bright and ealm days elouds have been almost always seen 
round the summit. This has not been so in former years. 

This is very probable. The steam that issues from the 
erater, in aseending and dispersing in the higher region, would 
produee eloud. 

Nov. Bih. — The volume of steam has abnormally inereased 
sinee yesterday. It is nearly the same as it was three weeks after 
theeruption. Thismorningtheamountisstillgreater. Although 
its height is perhaps not greater than that observed within ten 
days after the eruption, its volume does not seem to be less. 
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Oct. 7th. — The new lake Akimoto rushed out eutting through 
the inud-field, after a heavy rain-storm. In the lower eourse 
of the river Nagase, the water Ievel suddenly rose 9 ft. ahove 
the ground, eausing great uneasiness among the people. 

Oet. 20th, 6h. 32 min. 3 see. a.m. — A slight shoek was ex- 
perieneed. 

Nov. i9th, oh. 25 min. a.m. — A slight shoek was felt; 
motion horizontal, direetion N.-S., duration i min. 30 see. On 
this day snowfaII was first ohserved on the summits of Ohandai 
and Kushigamine. 

Nov. 3oth. — Thunder-elaps were heard toward Bandai-san 
and Azuma-san, lasting ahout 20 minutes; have seen lightning 
twiee. 

Dee. ist. — First snow-fall on the ground. 

Dee. 5th. — Sound of distant th^mder heard. 

Dee. 30th. — Great storm swept the aeeumulating snow over 
Bandai, and with it the ashes on the mountain-flank. Peenliar 
rumhling noises heard in the mountain. People helieving this 
to be a sign of a fresh outhurst of Bandai were very maeh 
frightened. 

Jan. ist (1889). — A slight shoek was experienCed at 7h. io' 
min. p.m.y lasting 2 seeonds. 

Jan 23rd. — A kaio observed, probably due to thfe refrigera- 
tion of the vapours of the steam from Bandai. 

Feb. Sth. — Rumbling sound heard in Bandai, probably due 
to the falling of the erater-wall. 

Feb. i7th. — Hibara village was deserted on aeeount of the 
eneroaehment of the new lake. 

Feb. i8th, 5h. 30 min. a.m. — A slight shoek. 

Iti his last eommunieation Mr. Kobayashi says that during 
tbe wlnter the aetion of rain, water, and snow, has greatly 
eroded and smoothed down the rugged points, the vertical 
walls, and the preeipitous hills in and round the erater, redue- 
ing them to mueh gentler inelines, and thus the grandeur and 
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picturesqueness of the seenes have been eonsiderably lost. 
This fact was eonlirmed by reeent visitors to Bandai-san. 
From ihis it may be expected ihat sueh a bold seene as that 
shown in dg. 2, Pl. VII., whieh is a sketeh laken from ihe 
western edge of the erater just above Kaminoyu, about 20 
days after the eruption, would not be long preserved. 

Thk Character of the Eruption. 

The exp1osion of Bandai has furnished us with an example 
of a volcano, long dormant, bursting with terriGe force. So 
far as we know, the last great exp[osion took plaee more than 
ten eenturies ago. Some minor eruptions are sald to have 
oeeurred in subsequent years, but seem to have been of a loeal 
eharaeter. During the long period of rest, the original erater 
now known as Numano-taira, has in large measure lost its 
erater-like form by the disintegration of the surrounding 
Walls. In sueh eases it often happens that subsequent erup- 
tions take plaee at other parts of the mountain, breaking open 
new ehasms along other lines of weakness. Sueh has indeed 
been the ease with this last eruption of Bandai, the litie of weak- 
ness lying to the north of the old erater, so that the mass of the 
mountain was thrown toward the north into the Nagase valley. 
There is now seen in the new erater a great iissure running N. 
20° W. from ihe bottom of the horse-shoe nearly to its mouth. 
Along this iissure runs a long row of steam jets, large and 
small, puf!ing and hissing and emitting immense volumes of 
white watery vapour. Pl. VIII. is a distant view of the moun- 
tain from a photograph taken by Prof. W. It. Burtort, nearly a 
week after the emption, showing the linear arrangement of 
the 8team-fissures. It was along this liAe that the eruptive 
power of steam rent Ko-bandai into pieees. 

It 18 manifest that the immediate eause of the eruption was 
the sudden expansion of steam pent up within the mountain. 
Of Iava or pumiee there is no traee. The grey eoloured ashes 
whieh form a chief produet of the explosion are evidently the 
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powder of pre-existing roeks deeomposed by the aetion of 
fumaroles, and have not been derived from fused magma. 

The eharaeter of the explosion was thus comparativeIy 
simple, being to all appearanee a sudden shattering of part of 
the mountain flank. The work of the explosion has been prae- 
tieally to tear off a portion of the side-wall of the old erater. 

It has often been observed that the first aetion of some 
Yoleanie outbursts is characterized by extreme vioIence, large 
masses of superineumbent materials whieh have aeeumulated 
in the erater being thrown out, or the side-wall being blowii 
away, by the expansive force of steam. This first stage of the 
eruption in usually folIowed by minor ones aeeompanied either 
by lava flows or pumiee ejections. Thus the finer partieles or 
ashes aseending into the alr are different in eharaeter in the 
snccessive outbursts; those whieh are ejex:ted during the first 
stage of the eruption eonsisting largely of fragmentary 
materials, while those of the later eruptions are found to be 
more or less pumieeous, a fact showing that the latter are 
derived from the fused matter. The expIosion of Bandai, 
characterized by its suddenness and vioIence, and effected in 
a very short time, may be likened to the first stage of eruption. 
But no subsequent diseharge took plaee, nor were any signs of 
further disturbanee diseernible. 

We have already indieated that the voIcanoes in the vicinity 
of Bandai, though classified as active, have never, within 
historie time, shown a true lava eruption. And this may be 
said to hold good for most of the active volcanoes on the 
Main Island. In fact, most of them, whieh had their elimas 
of activity during Tertiary times, are now verging to extinc- 
tion. This is due to the general and gradual abatement of 
Yoleanie force sinee the end of the Tertiary era. Any great 
geologie ehanges whieh have taken plaee sinee then, have had 
to do with the general rise of the land surface above the sea- 
level. At present the Tertiary strata, some three or four 
hundred mbtres above the sea-level, cover a large part of the 
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whole area of Japan. They eonsist prineipally of tufaceoii6 
depostts, are mostly of marine origin, and are often found sur- 
rounding or even underlying the voIcanoes. These voIcanoe8 
would thus seem to have attained their maximum intensity at 
atime when proximity to the sea greatly favoured their aetiyity. 
But the 8ubsequent gradual rising of the land 8urface has had 
the effect of shifting the voIcanoe8 further and further from 
the sea-board, thus greatly mitigating their aetion. 

The eruptions whieh are usually experienced in these vol- 
eanoes in modern times seem to be essentially superficial. 
The reeent eatastrophe of Bandai may indeed be taken as a 
grand example of this kind of ▼oleanie manifestation and may 
well be ealled an explosive eruption. The great horse-shoe- 
like ehasm opened toward the north may be ealled an explO' 
sion-eraier. Its appearanee from the north side presents a 
striking .resembUnee to the deep ehasms whieh are often 
eharaeteristie of eertain volcanoes, e,g,, the " Val del Bove" of 
£tna, the Galdera of Palma, &c., and at the same time sug- 
gests similarity of origin. 

Perhaps it may be of interest here to refer to a volcanic 
outburst whieh oeeurred in Japan early last eentury and 
whieh seems to have strongly resembled the present Bandai 
eruption. It is the great lateral eruption, with took plaee 
on the south-eastern of flank Fujiyama in the 4th year 
of Hoyei (1707 a.d.). By this outburst a great ehasm very 
similar in its eharaeter to that of Bandai, was opened 
on the mountain slde. It is an expIosion-crater not in- 
terior in magnitude to the latter. Hdyei-zan is really a 
prominenee ou the outer rim of the great ehasm. It has, 
howevery hitherto been regarded as an example of a '* parasitie 
eone." It is to be observed that, in ease of the Fuji explo- 
sion, there were produeed numerous voIcanic bombs, whieh 
are now found seattered all around the erater, showing that 
there was aseent of lava. Another striking phenomenon is 
the presenee of a magniSeent series of numerous vertical dykes 

D 
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whieh traverse the side-wall of the erater. On the other hand, 
there may be seen on the perpendieular walls of the newly 
opened erater of Bandai, bands of volcanic strata exposed, 
eonsisting of an alternation of old lava-streams, and of agglo- 
merates of fragmentary materials, a singular feature of these 
strata being the absenee of any noteworthy dykes passing 
through them. The fact would show that sinee the formation 
of the Bandai group, the mountain has been very little attaeked 
by the intrusion of molten magma from the interior. 

Again, as we have already seen, among the produets of the 
late eruption there is no lava. There are, however, among the 
dibrist espeeially near to the spot where the steam-jets are 
issuing within the erater, some greenish eoloured roek-speei- 
mens with disseminated patehes of iron-pyrites, and a white 
eoloured sintery roek having a bleaehed appearaneei almost 
wholly eonsisting of siliea as shown by the analysis given in the 
sequel. These materials indieate the aetion of fumaroIes and 
hot springs in altering the roeks in the interiorof the vo]cano, 
and in depositing mineral matter while pereolating through 
the crevices. Among the dibrts that ran down to the north, 
are often found porous or seoriaeeous roeks of a reddish or 
blaek eolour, whieh some observers have referred to a molten 
origin. It is more than probable, however, that these roeks are 
the fragmentary materials whieh, having been e]ected during 
the previous periods of activity in the history of the Yoleano, 
had aeeumulated in the form of volcanic strata, and taken their 
share in the building-up of the mountain. The destruetion of 
Kobandai, whieh was itself a part of the side-wall of the volcano, 
redueed these strata to a powdery state, and seattered the 
seoriaeeous materials imbedded in them abroad on the mud- 
field. 

SURYSY 0F THS GrATER AND THE YoLUME AND WsIGHT 0F THB 

MOUNTAIN DESTROYED. 

After great volcanic eruptions, surveys have sometimes been 
made with the view of estimating the dimensions of the parts 
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blown away, or the amount of the material e]ected daring the 
ontbreak. The dif!iculties attending these attempts are obvious, 
for it happens very often that the seat of the outburst is inae- 
eessible on aeeount of Iava flows or other dangerous obstaeles 
that beset the way. 

In estimating the dimensions of the newly opened expIosion- 
erater whieh was formed by the destruetion of Kobandai, and 
in dedueing therefrom the volume and the weight of the mass 
tbat was thus removed, we eneountered one serious difficu]ty, 
viz., ignoranee of the original topography and iormer eontour 
of the mountain. An unexpected advantage was, however, 
derived from the fact that, sinee in the ease of Bandai the ex- 
plosion lasted a very short time and no subsequent outbreak 
took plaee, we eould walk into nearly everynook and eorner of 
the newly formed erater, and thus with comparative ease eom- 
plete a survey whieh might otherwise would have been almost 
impossible. The inaeeessible or dangerous parts were the 
fissure lines whenee steam issued with great vioIence, the gorges 
filled with water (new lakes), and the legions at the base of 
vertical clif!s down whieh earth and roeks, and even slabs mea- 
suring one or two hundred metres, were eonstantly thundering. 
Otherwise the eonditions were as favourabIe as eould reasonably 
be expected in the eireumstanees. Not that the inside of the 
erater was anything like a level plaln. Far from it; it was eut 
up by preeipitous hills, deep ehasms, and wild depressions of all 
imaginable shapes and sizes. PI. V. shows a prominent roek- 
hill inside the erater, on whieh was loeated one of our stations. 
The erater-bed was full of these boulder-mounds, and was so 
irregular that we spent nearly two days in fixing upon a suit- 
able base-line. We were, however, fortunate in finding a nearly 
straight narrow band in the bottom of a valley in whieh to 
loeate the base-line. 

For five successive days Mr. I. Toya laboured indefatigably, 
nntil all the important points were measured from prominent 
heights in and round the erater. When this done, we removed 
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to Ottate, a spa on the southA ank of Obandai, and mapped 
the results of the triangulation. 

The form of the erater, as dedueed from the plan, is semi- 
elliptieal, or like a horse-shore. It is open toward the north, 
its bed gently indining outwards. The plan in Pl. IX shows 
the general outUne. It is surrounded by preeipitous walls and 
steep clif!s of great height, espeeially on the southern side, 
where a part of Kobandai still remains with rugged edges, and 
where Kushigamine exposes a dean seetion. The heights of 
the wall as may be seen from the numbers indieated on the 
plain gradually beeome smaller as we approaeh toward the 
mouth, at last reaehing to the same ]evel as the erater-bed. 
The heights in and round the erater were measured by taking 
altitude angles and were afterward referred to sea-level. The 
position of the steam fissure running N. 20° W. is marked 
with star-Iike signs; prominent hills, depressions, valleySy 
ponds, ete, are also indieated. 

Roughly speaking the erater measures 2,463 metres or 8,080 
feet aeross its moutli, whieh is the widest part from east to 
west. From the bottom of the horse-shoe to its mouth it is 
2,274 metres or 7,460 feet. The total area of the erater-bed 
is 383 square kilometres or 946 aeres, or nearly 1*5 square 
miles. 

In the estimation of the yolume and the weight of the mass 
blown away the chief difficulty eneountered was our ignoranee 
of the original eontour. l^he original height of Kobandai, or 
Little Bandai, was assumed to be equal to that of Obandai, 
or Great Bandai (1,840* metres or 6,037 feet). It was gene* 
rally believed that Kobandai was a little lower than Obandai, 
probably owing to the fact that the former was situated further 
away from the more populous distriets in the vicinity and was 
partly sereened by the latter. We were told, however, by those 



♦ From barometrie measurementsby Messrs. Y. Wadaand N. Otsuka» 
of the Imperial Meteorologieal Observatory. 



SEKIYA AND KIKUGUI. 191 

who knew the distriet well that allhough Kobandai looked 
smaller in bulk than its sister peak» there was no appreeiable 
difference in height/and that snow used to fall on the former 
^arlier. This perhaps might be due to its more northern posi- 
tion. Lieut. Y. Nakashima, of the Surveylng Bureau of ihe 
Army, who subsequently surveyed Bandai-san, confirmed this 
view; and after a thorough examination of the topography of 
the distriet and the forms of the various peaks, he eoneluded 
that Kobandai had been equal to, if not a little higher than^ 
Obandai. On the sound judgment of this speeialist we ean. 
safely plaee our confidence. We obtained permission to see 
the map he eonstrueted. It was made with eharaeteristie 
painstaking eare, and every detail was admirably earried out. 
We are glad to say that our measurements and those of Lieut. 
Takashima agree well ; some difference existed in regard to 
the heights of erater-walls, but this was more reasonable than 
otherwise, as they were daily being redueed in altilude by the 
faHing in of the perpendieular edges and steep prominenees. 

The hight of the erater-bed above the sea level was 1,170* 
metres or 3,839 ft. The south-western partof Kobandai whieh 
was left undestroyed, exposed an almost perpendieular wall of 
505 metres or 1,658 ft. overlooking the erater. From these 
and from the olher data already mentioned, it was found that 
the part of the.mountain that broke away had an allitude of 
670 metres or 2,198 ft. above the erater, and that 164-6 metres 
or 540 ft. had been sheared off from its top. On Pl. IX. is 
given a rough vertical seetion through the line AB, that is, the 
seetion passing through the original snmmit and the highest 
Iraetured edge of Kobandat. The dotted line shows the parts 
blown off. It will be seen that the vertical line passing through 
the snmmit of the mountain was situated about 442 metres or 
1,450 ft. N.E. from the fractured edge, its position being 
indieated on the plan by a eross. The main body of Koban* 
dai and the north-eastern side were eompletely blown away, 



* Also from Messrs. Wada and Otsuka's measurements. 
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leaving a portion of the south western flank. The flank of 
Kushigaminesloping S.W. met that of Kobandai sloping N.E., 
praetieally forming one eonneeted mass, and the consequence 
was that the latter's destruetion was shared by the former in 
parts where they were so united. Kushigamine now stands 
overlooking the erater with a bare perpendieular wall 452 
metres high. 

It is also to be observed that the great fissure-line along whieh 
the mountain was rent nearly passed through the summit 
vertica], or in other words, the fissure-Iine lay under the sum- 
mit of Kobandai. 

For ease of ealeulation the shape of the mountain was 
assumed to be conicaI| a near enough approximation. Then^ 
subtraeting the parts left undestroyed and roaking other allow- 
anees, we found the total voIume of the mountain blown away 
to be 1*2x3 eubie kilometres or 1,587 million eubie yards. 
This is equivalent to saying that if the devastated area extending 
over 70 square kilometres or 27 square miles had been evenly 
covered with a stratum of earth, roeks, and boulders, thls 
stratum would have had an average thiekness of 17*4 metres 
or 57 ft. The eubie eonlent above given represents the gross 
total of the volume of the mountain destroyed, ineluding not 
only the debris of earth and roek that deseended the mountain. 
sides, but also the dust, ashes, and boulders whieh were hurled 
into the air. 

To ealeulate the weight of the material eorresponding to this 
enbie eontent, we determined the specific gravity of different 
kinds of roeks and earth obtained from Bandai-san. The 
specific gravity of the pyroxene-andesite eomposing the mass 
of the mountain differed more or less with the differentvarietie8 
met with, ranging from 2*58 to 271. On the average it may 
be taken as 2*65. But as the mountain eonsisted of maeh 
looser materials than these roeks sueh as pumiee, seoriae, dl:c., 
the density of the mountain would be mueh lower than this 
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valae. The mean specific gravity of the earthy materials 
thrown down by the eruption, as determined by Prof. J. Saku- 
rai, was 2*172. 

We may suppose without mueh error, that the mountain 
mass of Bandai eonsisted of roek and earthy materials in the 
proporlion i : 2, and then we obtain from the foregoing num- 
bers, as the density of the mountain, 2-33.* From this num- 
ber and from the already estimated volume, the weight of the 
mountain destroyed was found to be 2,826,290 million kilo- 
grammes or 2,782 million tons. 

VoLCANic Products of Bandai-san. 

The volcanic roeks that eompose the mass of Bandai-san 
are comparatively of uniform eharaeter, and belong to that 
elass of andesite whieh is of wide oeeurrenee in Japan, viz., 
the Pyroxene andesite whieh is now to be brieily deseribed. 
This roek under its various modifications, may be seen piled 
up in layers in the side-wall of the newly opened erater, alter- 
nating with aeeumulations of loose produets ejected from the 
Yoleanie vent in former time, sueh as pumiee, seoriae, frag- 
mentsof obsidian, Ac, Prof. B. Kold eonsiders that there are 
siz of these prineipal layers. The roek-layers whieh doubtless 
eonsolidated from lava-flows, are divisible into two main types ; 
the one being lighter eoloured, and the other darker eoioured, 
evidently more basie than the former. The first kind is well 
observed as a great band on the eastern side-wali down 

* Prof. T. Milne in ealeulating the weight of Japanese volcanoes has 
assamed the average derisity to be 2*5. (The VoIcanoes of Japan— 
Trans : Seism. Soe : Tapan, Vol. IX. part II, 1886). Prof. T. C. Men* 
denhall, formerly of the University of Tokyo, in determining the force 
of gravity at the summit of Fujiyama, took the density of that moun* 
tain as 2'I2, whieh was the mean of the densities of pulverized and 
porous roeks. (On pendulum ezperiments on the summit of Fujiyama 
for the purpose of aseertaining the force of gravity at that point— - 
Trans : Seism. Soe. Vol. II, 1880). In the authors' Preliminary Report 
of the Bandni-san Eruption published in the Official GaBette of Sep- 
tember 27, 1888, the value of the density was taken a little higher, but 
it was sinee altered to the present figure. 
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Kushigamine, more than lo metres thiek, overIaid by reddish 
eoloured loose layers. Lower in position and separated by 
layers of agglomerate, is found the darker variety. The frag- 
nients that eompose the agglomerate are also usually of the 
latterkind. These roeks are^ however, essentially of identieal 
mineral eomposition, and are probably to be eonsidered 
the difiEerent facies of the same magma that supplied the 
materials for iheir formation. 

The mieroseopieal examination of these roeks shows that 
the ground-mass is mleroerystalline, with a very liltle of 
eolourless glass basis in the lighter eoloured variety between 
the mieroliihie plagiodase, while in the darker variety a brown 
eoloured glass is found more abundantly. Numerous magne- 
tite erystals and grains are in both eases always seattered 
within the general mass, and as enelosures. 

The miero-porphyrilie mineral eomponents are Plagioelase, 
and Pyroxenes, whieh are represented by the monodinie and 
the rhombie. The most frequent aeeessory eomponent is 
Apalite. Among seeondary minerals of less frequent oeeur- 
renee may be mentioned Tridymite and Iron-pyrites. 

The prineipal eharaderisties of the porphyritie eomponents 
are here given : — 

Pl\6ioclass. — The porphyritie erystals are found gen«rally 
in lathe-shaped outline, having eharaeteristie twin-Iamellae of 
Ihe albite-type. The extinction-angIe of the plagioelase ex-> 
hibiting these twin-Iamellae varies to a eonsiderable extent ; 
the range being from 20® to 30°. In general eharaeter the 
plagioelase is quite fresh and transparent, often with numerous 
glass-enelosures, whieh sometimes fill up the entire spaee of 
Ihe erystal and are arranged in distinet zones. In poIarized 
light, the phenomenon of zonaI strueture is often very typieal ; 
the extinction angles dif!ering in theinner and the outer zone9, 
tbas showing a difference in the ehemieal eomposition of these 
layers. 
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The specific gravity of the plagrodase as determined by 
Thoulet's solution gave as a mean 2.686. These eharae- 
teristies indieate thatihe ehemieal eoroposition should approsi- 
mate to that of Labradorite. 

Sanidine. — Althoagh this mineral under the mieroseope is 
80 difficu]t of deteetion, we are ]ustified in elaiming its ex- 
istenee, sinee we observed eases in whieh the basal cleavage 
face of a glassy felspar devoid of twin-Iameliae, exhibited 
straight extinclion. 

The foIlowing ehemieal analysis of the ' feldspathic ' eom- 
ponents isolated from a roek of Obandai, has been made in 
the laboratory of the Geologieal Survey Department. Some- 
how or other, the amount of foreign ingredients is so large that 
we eannot tell from it the true nature of its eomposition. 

Per Gent. 

Si Oa 6126 

AI, Oa 1955 

Fe, Os 336 

Fe O 4*06 

Ca O 3'20 

Mg O 2-54 

Na, O 3'42 

Ka O I'22 

H, O 177 



100*38 

AuGiTK. — This mineral is found in well-defined forms or 
90metimes in grains. The eommon type of a twin wilh the 
laee ooPoo as a twinning face, is frequently met with. It is 
lisuaUy greenish-yellow in eolour, showing a feeble diehroism. 
It is usually fresh, with glass enelosares, and oeeasionally 
small needles of apatite. 

Htpsrsthsne. — ^The oeeurrenee of the rhombie form of 
Pyroxene has received eonsiderable attention in reeent years. 
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This mineral whieh has hitherto been regarded as rare, was 
found to be of wider oeearrenee than we had expected.* 

The rhombie pyroxene generally appears in more slender 
seetions than the augite ; breadth to length being as 1:3 to 
1:5. Under poIarized light the interference-coIour is weak, 
and always shows a straight extinction. The pleoehroism ia 
very marked ; || y = light green, l y ="greenish brown. 

On examining the maeropinaeoidal seetion, under a eon- 
vergent polarized ray, we ean often very dislinetly observe a 
biaxial interference-figure, whieh, however, on aeeount of the 
thinness of the seetion appears elliptieal. The dark eross 
whieh traverses the middle of the figure under erossed nieols, 
passes into an hyperbola as we rotate the seetion. 

The rhombie pyroxene is often found in a eross shaped 
twin, the vertical axes of the two individuals making an angle 
of 60^ with eaeh other. This twin is therefore that whieh has 
often been met with in other loealities, the twinning plane 
being Poo. Parallel-intergrowth of the rhombie phyroxene 
with angite is also found. This has been dwelt on at length 
in the deseription of the Bonin speeimenst. Though in speei- 
mens from Bandai this is not so elearly defined, yet we have 
found some eases in whieh this phenomenon was very eharae- 
teristieally deveIoped, the erystal of the rhombie pyroxene 
being surrounded on both sides, or ilanked on one side, by an 
augite band. 

The rhombie pyroxene isolated from the roek by nieans of 
Thoulet*s solution and then lightly washed with hydroAuorio 
aeid, was analyzed by Mr. T. Shimizu. It was impossible to 
separate the rhombie pyroxene from the augite. The followiDg 
analysis is therefore that of a mixture : — 



* An interesting Japanese oeeurrenee of this mineral is in the Bonin 
Islands. See St. Jour. Sc. CoIl. Vol. III., Part I. 

ti.e. p. 78. 
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Per Cent. 

Si Oj Sr8o 

AI3 Os , traee 

Fe, Os r8o 

FeO :. 18-86 

Mn^ O^ ro3 

Ca O 7*96 

Mg O : 1884 



100*38 



This leads to the eomposition nearly equivalent to 2 Fe 
SiOs + sMgSiOs+eaSiO,. 

Magnetite. — It is very abundant in grains, and as en- 
elosures, espeeially in the pyroxenes. 

Apatite. — ^The erystals of this tnineral sometimes oeeurs in 
a very eharaeteristie form. It is diehroie; U c=]browni8h, 
and c 1 =yellowish. The erystala usually wilh fine longitu- 
dinal strise, and with transversal cleavage-fissures. This kind 
of apatlte is very abundant in the lighter eoloured roek whieh 
was found in the bottom of the eonieal hole at Mine-yama. 

Tridymite. — ^This mineral is seldom found in the fissures in 
microscopicform. Inthe roek imbedded wilhin the hole atMine- 
yama ]ust referred to, it was found in well-defined erystals visible 
to the naked eye, nearly *5 — i mm. in size, lining the cavity of 
the roek In the manner of a druse. Some of them were found 
eharaeteristie twins. When taken out of the cavity and ez- 
amined elosely the erystals were found in hexagonal plates, in 
eombination with the faces (when referred to the hexagonal 
axes) oP, 00 P, P, 00 P,, flattened along the base. Under 
erossed nieols, however, the plate was seen to eonsist of in- 
numerable patehes erossing at an angle of nearly 120^, and 
sbowing oblique direetions of extinction. The specific gravity 
of the mineral determined by swimming it in the Thoulet's 
solution was 2*272. 
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For the ehemieal analysis, given below, of the Bandai roeks 
and ashes we are indebted to the Professor T. Wada, the Di- 
reetor of the Geologieal Survey. They are the result of a very 
careful analysis by Mr. T. Shimizu : — 

I. 11. III. 

Si 59-66 % 59-56 7, 59-47 7o 

Ai, 15-51 i6-io 17-12 

Fe, O3 376 6-28 2-33 

Fe 5-40 3.02 569 



Mn^ O^ ... 1-40 1-80 

Ca 6-56 632 7-24 

Mg O 367 3-08 4-04 

Na, O 2-50 3-09 2-23 

K, O 108 -80 -30 

S -59 

P, O -18 -18 

Loss by ignition — -44 1-55 



100.31 100-97 99*77 

Insoluble portion in HC1. Insoluble portion in HCI. 

= 75-34 7o = 85-34 7o 

I. is a greenish-blaek roek taken from the rugged cliff of 
the partially destroyed wall of Yngeta-yama, eontaining 
a small quantity of iron-pyrites. 

11. is a reddish eoloured roek, very frequently met with 
within the dibrts, espeeially in the eonieal mounds, 
somewhat powdery at the surface, due to the fumaroIic 
aetion to whieh it was subjected within the volcano. 
There is more sesquioxide of iron in this roek than in 
the others. The sample for the analysis was obtained 
from the ejected masses near Tokoro-sawa, a ravine 
on the eastern side of Bandai. 
III. is the analysis of a roek from Bandai given by S. Ni- 
shiyama in his report to the Geologieal Survey, in 1887. 
The exact loeality of this roek is not menlioned. 
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From these resalts it m\\ be seen that the roeks of Bandai 
are nearly identieal in their eomposition. We may, neverthe- 
less, distinguish two types as we have already stated. One is 
a eoloured roek, the strueture being usually porphyritie ; the 
porphyritie eomponents being proxenes and mierotine plagio* 
elase within a greyish eoloured ground-mass. A typieal ex* 
ample of the first type may be seen exposed on the side-wall 
of the new erater, as an extensive sheet in the great cliff form* 
ing now the western side of Kushigamlne^. A similar kind of 
roek was also found near the summit of Obandai. Mieros- 
eopieally examined the greyish white ground-mass is miero- 
felspathic in eharaeter, with a small amount of eolourless 
glass basis. Ali the minerai eomponents are quite fresh. The 
plagioelase of this roek was found to have a specific gravity of 
2-68a, 

The other type of the pyroxene-andesite is a darker eoloured 
roek evidently more basie than the first and resembling Basalt 
in the outer appearanee ; the glassy plagioelase being inter- 
spersed within the dark, often eompaet, and resinous ground- 
mass, thus presenting a marked porphyritie strueture. 

Besides oeeurring in the form of a sheet of solid roek, it is 
also abundant among the fragments whieh eompose the agglo- 
merate, being, in this ease, often seoriaeeous in appearanee. 
Under the mieroseope, the ground-mass is miero-erystalline, 
with a more or less brownish eoloured glass basis. In the 
seoriaeeous roek iust referred to, the hypersthene erystal is 
often highly pleoehroie. The specific gravity of the plagio- 
elase determined with Thoulet's solution is found to be little 
higher than that eontained in the first type, being on an average 
2.691. 

To tbis type also belongs the roek whieh is exposed in a 
rugged cli£f of the half destroyed Yugeta-yama, on the westem 
edge of the new erater, and the analysis of whieh 48 given 
above (I.). In this roek there is a very light brownish eoloured 
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The general deseription of the vo]canic ash or dast that feU 
during the eruplion has already been given (p. 158). It has 
a bluish-grey eolour, is usually very fine grained, but some- 
times mixed with eoarser rock-fragments. The mieroseopie 
examination of the dust shows that it is essentially made up 
of the same eomponents as the pyroxene-andesile deseribed, 
proving that it was derived by the meehanieal trituration of 
this roek. It eonsists of minute partieles of the microfe]sitic 
ground-masSj mixed with crystal-fragments of Plagioelase, 
Sanidine, Augite, Hypersthene, Magnetite, and Apatite needles 
with a very small amount of glass. 

A speeimen of the dust was brought from the town of Mihara, 
38 kilometres to the east of Bandai-san. It is essentiaily the 
same as that whieh fell in the immediate neighbourhood of 
the volcano, only that it is somewhat finer grained. In minera. 
logieal eomposition also, it is almost exactly similar, being 
chiefiy made up of the finer partieles af the roek, the erystal- 
fragments of plagioelase, the pyroxeneS| and magnetite. These 
ashes, being comparativeIy heavy, do not seem to have fallen 
to any very great distanee, thus dif!ering from the fleecy pumi- 
eeous materials produeed from molten lava at the time of other 
volcanic eruptions. 

The foIIowing ehemieal analysis (I.) of the ash obtained by 
Mr. S. Otsuka of the Geologieal Survey, from Hikage in Biwa- 
sawa, when eompared with those of the andesite roeks already 
given, will show how elose is the agreement 

This ash, when treated with a mixture of hydroehlorie aeid, 
mixed with nitrie aeid in order to dissolve out the sulphur, 
gave a residue amounting to 32*92 per eent. This, when 
analyzed, gave the result as in eolumn II. 



SEKIYA AND KIKUGHl. 2p3 

I. II. III. 

Insoluble portion. Soluble portion 

(by difference.) 

SiO, 597o7o 40-II 19-59 

AigO, i6-68 675 993 

PeaO, 5-43 i"44 3'99 

FeO 2*05 — 2*05 

MngO^ -98 iraee '98 

CaO 520 175 345 

MgO 2*35 108 1*27 

Na^O 267 1-25 i'42 

K,0 '99 71 -28 

S 225 — 2*25 

SO3 '95 — -95 

P.O, 15 - 15 

Loss by ignition.. '90 — 90 

100.30 53.09 

The ash eontained some soluble matters whieh on being 
extracted with eold water gave traees of lime, ehloride, and 
sulphate. 

The analysis of another, and a somewhat more stony sample 
of the ash was made by Mr. H. Yoshida, of the Imperial 
Universily, with ihe foIlowing result : — 

SiO 61-8273 

PeaOa^-Al.O, 2810 

CaO 573 

MgO 79 

K,0 rio 

Naj,0 242 

99-96 

Reports. 
Under this heading, we arrange in tabular form the answers 
to inquiries made to sehoolmasters and others living in the 
provinces near Bandai-san. We have already referred to the 

E 
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partieulars obtained in this way, and the great help we derived 
in the preparation of our paper from the answers so received. 

In the Table when the phenomena nnder eonsideration were 
reported not to have been observed, the spaee is marked with 
a dash ; when it was not known whether eertain phenomena 
oeeurred or not the eorresponding spaee is Ieft blank. 

Unless otherwise stated, the date refers to the I5th of Jury^ 
1888 — the day of ernption. 

I Shaku is nearly equivalent to 0*303 metres, or one foot. 

I Sun = ^ of I Shaku. 

I Bu =Ti7y of I Shaku. 

I Ri == 3*93 kilometres, or 2*44 miles. 
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Name and 

Address 

of Observers. 



No. I. 

T.Uda, Ko- 

kai village, 

Yama-kori, 

Province 

Iwasliiro. 



No. 2. 
U. Hayaka- 

wa, Sasa- 

kawavilla^e, 

Yama-kori, 

Province 

Iwashiro. 



Direetion anii 

Distanee 

from Bandai-san. 




E.SiK. 

5kiloinetres. 

3.2 iniles. 



W. 

3okilometre5 
18 miles. 



A blaek eolumn 
of smokeaseended 
high into theair; 
the sound of the 
expIosion was 
somelhing terriRe, 
tasting for about 
30 minutes. 



Arumblingsound 
washead bysome. 



Ashes, 



Ashesfellinabun- 
danee in theneigh- 
bourhood of the 
mountain for about 
an hour and it was 
not untit about 4 
o'eloek p.m. ihat 
it entirely eeased. 
I was bathed by 
ashes. The thiek- 
ness was i shaku 
nearShirakij6, and 
6 sun near Hino- 
kuehi. Theashes 
were powdery, but 
oeeasionally mixed 
with roeky frag- 
ments whieh struek 
upon our bodies. 
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Earthqaake8. 



No eartbquakes 011 
previousdays. A few 
minutes before the 
eruption eurious rum- 
blings were lieard, 
and wliile we were 
wondering what was 
the matter, a violent 
shaking of the earth 
oeeurred about 3 
times. At the end of 
the3rdshock,ablack 
eolumn of smoke as- 
eended from Bandai- 
san. The eharaeter 
of this earthquake 
was dif!erent from 
that usually experi- 
eneed, heavy up and 
down movements 
peedominating. 



No earthquake on 
previous days. On 
the I5th a slight 
shoek of very short 
duration wasfeU. It 
passed unheeded by 
most people. 



Meteorologieal Condttion. 



Very fine. No 
eloud streaked the 
heaven. Itwashow- 
ever somewhat hot- 
ter than usual. No' 
wind before the 
eruption. Soon after 
the eruption, a great 
whirling wind sud- 
denly swept over the 
eastern part of the 
mountain with great 
vioIence, destroying 
Shibutani,Shirokijd, 
Ojigakura, ete. 



Very fine. Thermo- 
meter 88° F.; atmos- 
phere ealm. At the 
time of the eruption 
a gentle breeze blew 
from the west. 



Miseellaneous Notes. 



Some people say that 
they have seen fire on 
the mountain ; I saw 
twof1ashesof tightning 
from the rising steam. 
At Oda village more 
than 2 ri away on the 
eastern side of the 
mountain, a spring be- 
eame as warm as hot 
bathing water while 
the ashes were still 
falling ; but at about 4 
o'etoek p.m. it beeame 
eold again. This is 
evidently due to the 
effect of heat imparted 
by fallingashes, whieh 
often sealded the nak- 
ed parts of the body. 
The ashes also had the 
smell of sulphurous 
aeid. Thunder elaps 
wereheard, followedby 
heavy rain eontinuing 
3 or 4 minutes, whieh 
was also warm having 
the temperature of at 
least 70-80° Fah. 

Two travellers who 
were at the time of the 
outburst, resting at the 
pass of a neighbouring 
ridge, observed blaele 
elouds rising from be- 
hind Bandai, among 
whieh were oeeasional- 
ly seen reddisheotour- 
ed objects. The pheno- 
mena lasted for a few 
minutes ; after this a 
white eolumn of steam 
was seen aseending 
from these plaees ; at 
the same time Koban- 
dai entirely yanished 
from view. 
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Name and 

Address 

of Observer8. 



Direetion and 

DtBtanee 

frQm Bandai*san< 



No. 3. 

S. Yamamo- 

to, Kilagata, 

Yama-kori, 

Province 

Iwashii'o. 



No. 4. 

T. Kamizu- 

ma, Ta]ima, 

Aizu-kori, 

Province 

Iwashlro. 



No. 5. 

H. Kaio, 

Kawaguehi, 

Onuma-kori, 
Province 
Iwasliiro. 



No. 6. 

N. Yama- 

saki, and T. 

Mafune, 

Pukuyoshi, 

Asaka-kori, 

Province 

Iwashlro. 



W.N.W. 

15.7 kilome- 

tres. 

9.8 miles. 



S.S.W. 
4.73 kilome- 

tres. 
29.3 miles. 



W.S.W. 

47.1 kilome- 

tres. 
29.3 miles. 



S. 
2i.6kiIome- 

tres. 
13.4 miles. 



Souod. 



Sound like dis< 
tant thunder. 



Rumblingsound 
heard twiee. It 
was, however, so 
slight that it was 
unnotieed by 

many. 



At8h.40min.and 
gh. i^min. a.m., 
sound was heard. 



Thedetonationof 
the expIosion was 
very intense, eon- 
tinuing for nearly 
5 minutes. Itwas 
also heard for se- 
veral hours after- 
wards. Peoplere- 
garded the rum* 
bling as a premo- 
nitory sign of the 
earlhquake. 



Aabei. 



No ashes fell. 



No ashes. 



No ashes. 
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Earthquake8. 



A slight shoek at 4 
p.m. on the I2th. 



Aboul 5 days before 
tlie eruption some- 
what strong earth- 
quakes oeeurred 
twiee. Aslightshoek 
at about 7 a.m. on 
the day of theexpIo- 
sion. 



At about oh. 3om. 
a.m. on the iith of 
this monlh,an earth* 
quake was felt. 



No earlhquake on 
previous days. At 
about 8 a.m. a very 
seyere shaking expe- 
rieneed, eontinuing 
for 5 minutes. It was 
very yiolent and the 
people felt as if the 
ground was sudden- 
ly upheaved. 



Meteorologieal Gondition. 



Very fine;calmin 
the morning; it was 
liltle hotter in the 
aflernoon, when the 
thermometer stood 
at 88° F., and the 
norihern wind be- 
gan to blow. 



Very fine ; some 
patchesof eloud seen 
the eastern sky. 



in 



Weslern breeze at 
the time of the erup- 
tion. 



Very fine before the 
eruplion ; the wind 
was northerly ; afler 
the eruption it ap- 
peared as if it had 
ehanged lo N.W. 



Miseellaneoua Notei. 



Blaek eolumns of 
smoke wereseen rising 
to a great height ; nei- 
ther lightning nor fire 
were seen. There was 
observed also a light 
reddish eoloured eloud 
spreading at right an- 
gles to the eolumns of 
ihe smoke. 



No lighlning or smoke 
seen ; no ehange in 
rivers, springs, wells, 
eie. 



From the aseending 
eolumns lightning was 
emilted. The smoke 
soon covered the top of 
Bandai. N.W. wind 
blowing at the time; 
ashes fell at the village 
of Yokohama, nearly 2 
ri N.E. from ihisplaee, 
eoating the vegetation 
wilh greyish powder. 
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Name and 

Address 

of Observers. 



No. 7. 

S. Siigeno, 

Harimidii, 

Adaehi-kori, 

Piovince 

Iwasliii'o. 



No. 8. 

T. Kalo, 

Naganuma, 

Iwase-Uori, 

Province 

Iwasliiro. 



No. 9. 

Motomiya, 

Adaehi-kori, 

Province 

Iwashiro. 



Direetion and 

Disianee 

fr<.m Bandat-san. 



E. 

45.2 kilome- 

tres. 

28 miles. 



0.0 • e 

35.3kiIome- 

tres. 

22 miles. 



E..S.b*. 
29.5 kilome- 

tres. 
18.3 miles. 



Sound. 



People inside the 
hoiises did not 
notiee the sound. 
Peasants who 
were working in 
thefields heard it. 
It eontinued for 
nearly 5 minutes. 
The sereeeh of 
the pheasant 

whieh isgenerally 
heard during an 
earthquake, was 
also notieed. 

Low rumblings 
notieed. 



At about 7h. 30 
minutes a.m. a 
roaring sound. 



Ashes. 



No ashes. 



On the north- 
western moun- 
tains, a peeuliar 
eloud of sharply 
defined form ap- 
peared, whieh gra- 
dually spread out 
in a eireular form, 
like an umbrella, 
at the same time 
beeoming lighter 
in Golour. As the 
eloud spread wi- 
der, gray eoloured 
ashes of the size 
of millet grains 
began to fall at 
about 8 a.m. This 
was foIlowed by 
the fal1 ofpowdery 
ashes ; all the ve- 
getation wore a 
grey eolour. 
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Earthqiiakes. 



Meteorologieal Gonditions. 



Miseellaneous Notes. 



Nobody felt 
shoek. 



any 



At 7 a.m. a slight 
shoek, before we 
heard the rumbling 
noises. 



Very fine, and no 
eloud, ealm, tempe- 
ratiire reaehing lo 
90^ F. in sunshine. 
N.W. wind at ihe 
time of the outburst. 



Very fine; ealm. 
Weather somewhat 
ehanged in the af- 
ternoon. 



Strong shoek was 
felt. 



While the heaven was 
elear, a very peeuliar 
eloud (whieh I after- 
wardslearned to have 
been sleam) appeared 
near Adatara • san. 
There was neither 
lightning nor fire. 



A blaekslreak of eloud 
appeared, with beauti- 
ful stripes of purple, 
red, yellow, and green, 
probablyeaused by the 
refiection and relrae- 
tion of sunlight falling 
upon steam. 

Aseent of smoke ob- 
served. Theumbrella- 
shaped eloud disap- 
peared at about 10 
a.m. 
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Name and 

Address 

of ObserTers. 



No. 10. 

Wakamatsu, 

Aizu-k6ri, 

Province 

Iwasliiro. 



No. II. 

Fukusl)inia, 

Sliinobu- 

kori, 
Province 
Iwasliiro. 

No. 12. 
K. Mita, 
Onosbin- 
inaelii, 
Tamura-hori, 
Province 
Iwashiro. 

No. 13. 
M. Murata, 

Miharu, 

Tamurakori, 

Province 

Iwaki. 



Diraetion and 

Diatanee 

froin Bandai*8an. 




s.w. 

15.7 kilome- 

tres. 

9.8 miles. 



E.N.E. 
37.3kilomc- 

ires. 
23.2 miles. 



E.S.E. 
74.8kilome- 

ires. 
40.2 miles. 



E.S.E. 

38 kilo- 

metres. 

24 miles. 



Thundering noi- 
ses were heard 
aeeompanied by 
theascentofblack 
smoke. 



Distant sound 
was heard. 



At about 8a.ro., 
the sound was 
heard thriee at 
short intervals by 
those who were 
outside of houses. 



Tolerably loud 
was heard. 



Ashes. 



No ashes. 



The fall of ashes 
began at about 9 
a.m. and eontinu- 
ed till about 12. 



Ashes began to 
fall from about 9 h. 
30 min. a.m., aiid 
eontinued until 2 
h. 30 min. p.m. 
During this in- 
terval ihe atmo- 
spherehad amisty 
appearanee ; the 
film of the ashes 
turned vegetable 
and other objects 
into greyish hue. 
Ashes felt at one 
time so thiekly as 
to fill the eyesand 
nostrils of thepas- 
sers-by. Thestreet 
was almost impas- 
sable. [Asample 
of the ash was 
sent.] 
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Earthqaakes. 



There was a smart 
shoek shortly before 
the eruption, then it 
was foIlowed by vio- 
lent heavings of the 
ground. Thebouses 
were observed to 
sway. 

A moderate earth- 
quake. 



A shoek of short 
duration on the day 
before the eruption. 



Earttiquake oeeur- 
red before the erup- 
tion^ eontinuing for 
about 20 seeonds. It 
felt as if something 
had fallen in the next 
room. In general 
eharaeter it dif!ered 
from the shoeks usu- 
ally felt. 



Meteorologieal GonditioD. 



Miseellaneous Notes. 



Fine weather« very 
genile bree2e. 



Very fine ; 82° F. 
at noon ; somewhat 
eool at 7-8 a.m. 



Very fine; genlle 
N.\V. breeze, 85° 
F. ; it was a little 
stronger afler the 
eruption. 



Smoke aseended very 
high. 



On aeeount of ashes, 
the atmosphere be- 
eame very dim and 
heavy ; in the direetion 
of Bandai a thiek eloud 
appeared. 



A dark eoloured eloud 
seen in the N.W.igra- 
dually spreading as it 
aseended. At about 
10 h. lomin. a.m. that 
part of ihe heavens be- 
eame so thiekly cover- 
ed with misty eloud 
that we eould not see 
the mountain for 20 
minutes. 
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Name and 


Direetion and 






Address 


Distanee 


Sound. 


. Ashes. 


of Obseryers. 


from Bandai'San. 






No. 14. 








Taira, 


S.E. 


Peeuliar sounds 


At about 10 a.m. 


Iwamaikori, 


86.4 kilo- 


were heard by 


finely powdered 


Province 


metres. 


some eontinuing 


ashes fell, eoating 


IwaUi. 


537 miles. 


for about 2 min- 


the yegetation and 






utes. 


roofs. 


No. 15. 








N. Oishi, 


E.S.E. 


Noises heard for 


A greenish white 


Kohama 


86.4 kilo. 


about 3 minutes. 


eoloured powder 


village, 


metres. 




or ash fell forming 


Narahakori, 


537 miles. 




a thincoatingover 


Province 






mulberry lea^esa 


Iwaki. 






&c. In the vitlage 
of Kawauehi, 5 ti 
west of this plaee, 
the ashes fell in the 
form of lumpsabout 


No. 16. 






the size of a pea. 


F. Kurosawa, 


S.S.E. 


_ 


— 


Shimo-Ishii 


78.5 kilo- 






yillages. 


metres. 






Shirakawa- 


48.8 miles. 






k6ri,Province 








Iwaki. 








No. 17. 








Walrai, Wa- 


N.E. 


— 


•» 


tari-kori, 


80.5 kilome- 






Provincc 


tres. 






Iwaki. 


50 miles. 






No. 18. 








S. Chika and 


N. 


At about 8 a.m. 


No ashes. 


R. Ashikawa, 


33.4 kilome- 


thundering iioises 




Yonesawa, 


tres. 


were heard in the 




Okitama- 


20.7 miles. 


southern moun- 




kori. 


/ 


tains. 




Province 








Uzen. 
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Earthquakes. 



Peeble shoeks at 
about 8 a.m. on the 
I4lh, and at about 4 
p.m. on the i^lh. 



At II h. 50 min. 
a.m. a slight earih- 
quake lasting for only 
about 10 seeonds was 
felt ; motion horizon- 
tal. 

A feeble slioek al 3 
p.m. on the i^lh ; ai 
7 h. 30 min. a.m. and 
at 8 h. 20 min. a.m., 
onthei5feebleearth. 
quakes ; the former 
was a little stronger 
than the latter. 



Meteorologieal eonditiona. 



Very thiek mist in 
the morning, but 
gradually began to 
elear away from 
about8a.m. Itwas 
quite fine at noon. 
Thermometer 75° 
F., at 6a.m., 90° F. 
at 12 a.m. About8 
a.m. W. wind pre- 
vailed but after- 
wards turned to S. 
Atiia.m.itbeeame 
S.E. 

Very 6ne and ealm 
early in the morn- 
ing. At about 9 a.m. 
a blaek eloud ap- 
peared on the west, 
and beeame dark, 
but it deared again 
in the eyening. 
Thermometer 85° 
F. 

Very fine ; temp. 
95° F. at noon ; a 
gentle north wind. 



eioudy, a 
wind, 78° 
noon. 



warm 
F. at 



Exlremely fine. 
90° F. at noon. W. 
wind. 



Miseellaneous Notes. 



The thiek smoke ris- 
ing from Bandaisan, 
whieh was generally 
regarded as eloud, 
looked.blaek and some- 
what reddish. During 
sun-set sparkling' rays 
of red light were emit- 
ted froni the eloud. 



In the direetion of 
Bandai, a eloud of an 
elliptieal form was 
seen. 



While the weather 
was exlremely fine, we 
observed the rise of a 
peeuliarly grey eolour- 
ed eloud-like smoke in 
the soulhern sky over 
Azuma'san. 
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No. 21. 

K. Naka. 

shima, 

Kinboku-san, 

Island Sado. 



Name aod 

Address 
of Obseryers. 


Direetion and 

Distanee 

from Bandai-san. 


No. 19. 
T. Kusaka, 

Shikase 

villagfe Higa- 

shi-Kanbara- 

kori. 


w. 

53 kilome- 

tres. 
33.2 miles. 


Province 
Eehigo. 




No. 20. 

Takaikori, 

Province 

Shinano. 


W.S.W. 

164 kilome- 

ires. 
102 miles. 



W.N.W. 

161 kilome' 

tres. 
100 miles. 



Sound. 



It was reported 
that a peeuliar de- 
tonaling sound 
was heard on the 
morning of Ju\y 
I5lh ; it was attri- 
buted to ihe roar- 
ing sound some- 
timesaudib1efrom 
Asama-yama. 

While I, in eom- 
pany witli others, 
was aseending 
Kinboku-san in 
the island of Sado 
on the morningof 
July I5ih, we 
heard eurious dull 
rumblings whieh 
we thought to be 
thefiringof heavy 
guns in the neigh- 
bouring harbour. 



Artide. 
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Earthquakei. 



Meteorologieal Cooditions. 



Miaeeilaneous Notei. 



At about 4 p.m. 011 
tlie I4th a smart 
shoek was felt and 
was soon foUowed by 
strong^ shakings of 
die groiind whieh 
lasted less than 3 
min. 



Very fine ; 85° F. 
at noon; genlie E. 
breeze. 



After the eruption» 
the water of Akagawa 
diminished and be* 
eame turbid. 
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Letters of inquiry were sent to \he following plaees, but we 
received answers to the ef!ect that nothing whieh eould eer- 
tainly be referred to the infiuence of the volcanic eruption was 
notieed in these distriets:— 



Loealities. 



Sanj6, Province Eehigo 

Mizuhara, Province Eehigo 

Muramatsu, Province Eehigo ... 

Nagaoka, Province Eehigo 

Mito, Province Hitaehi 

Takahagi, Province Hitaehi 

Noki, Province Shimotsuke 

Nikko, Province Shimotsuke ... 
Karasuyama, Prov. Shimotsuke... 
Toehigi, Province Shimotsuke ... 
Shiobara, Province Shimotsuke... 

Namiye, Province Iwaki 

Haranomaehi, Pfovince Iwaki ... 

Ishikawa, Province Iwaki 

Yamagata, Province Uzen 

Iwahashi, Province Uzen 

Sendai, Province Rikuzen 



Direetion frotn 
Bandat-san. 



w. 

W.N.W. 

w. 
w. 

S.S.E. 

s. 

s.s.w. 

s. 
s.s.w. 

s. 

E. 

E. 

S.E. 

E.N.E. 

N.W. 

N.E. 



Dtatanee froin 
Bandai-san. 






1 



96.2 
59,8 
76.6 
47.6 
76.6 

47.6 
' 106.0 
65.9 

135-5 
84.2 

106.0 

65.9 

1532 

95.2 

106.0 
65.9 

104. 1 

64.7 

1335 
83.0 

70.7 

43-9 
82.5 

51.2 

78.5 
48.8 
62.8 

390 

79 
49 
86.4 

53-6 
103 

63.4 






kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles, 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 

kilm. 

miles. 
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DESGRIPTION 0F THE PLATES. 



PLATE I. 
Map of Bandai-san distriet. The area devastated by the 
diirts of roek and earth eaused by the destruetion of Koban- 
dai is distinguished by the grey eolour. The position and 
form of the erater are indieated. 

^^O Large and small eonieal mounds standing out from the 
?Oo^^ surface of deirts in immense numbers. 

:9j^i}^PrincipaI steam-fissures in the erater. 

>^ Hot sprihgs. 

^ Marks the direetion of the hurrieane-blast and the 
^ area swept by it. 
Heights are given in metres. 



PLATE II. 
Fig. I. — Distant view of Bandai-san from N.W. side, as seen 
from the hill ridge of Nagamine. 
a, Obandai. 

b. The rugged and the highest part of the erater-wall. 
c. Kushigamine. 
d. Marumori-yama. 
e, Kaminoyu. 
/. Shimonoyu. 
g. Kawageto-yama. 
h. Mud-field. 
The forest in the foreground being situated on a ridgei 
eseaped destruetion by the debrts. 

Fig. 2. — ^View of Numano-taira near the edge of the new 
erater; the perpendieular cliff of Obandai facing this spot. 
Large hollow depressions (k) are found partly iilled with water 
(p. 170). The ground is covered with grey eoloured ashes 
and smaller roek fragments. For other letters refer to Fig. i. 

(From sketehes by Y. Kikuehi.) 

F 
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PLATE IIL 
Fig. I. — Distant view of Bandai-san as seen from the out- 
skirt of Inawashiro, with the village of Mind in front. 
a, Obandai. 
h, Kushigamine. 
c, Akahani-yama. 

d, The smaller mud-stream, whieh ran down through the 
Biwa-sawa (the ravine between b and r), deseending 
upon, and burying a part of the yillage of Mind 

(P- 155). 
e, Village of Mlnd. 

(Frotn Photograph.) 

Fig. 2. — Sketeh taken from Biwa-sawa. 

a. Obandai with rugged and preeipitous wall on the 

northern side. 
b. Kushigamine. 
c, Akahani-yama. 

d, Upper eourse of the mud-stream toward Mind. 
/, Futatsu-iwa (p. 146). 

(From sketeh by Mr. H. Hirauehi.) 



PLATE IV. 
Fig. I. — Extensive and nearer view of mud-field of Min^. 

Fig. 2. — Example of large boulders earried down along with 
the mud-eurrent and forming eonieal mound near Kawakami. 
Mounds of this kind were formed on the debris in great^num- 
bers (p. 157). 

(Prom Photographs.) 



PLATE V. 

A roek mound prominently standing out in the inside of the 
erater, that formed one of the stations of the survey. 

Eneireling erater wall on the baekground ; Kushigamine on 
the Ieft with its fractured side eiposing volcanic strata ; on the 
right a part of the rugged cliff seen through the stream. 
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The gigantie bloek on the right foreground is one of the 
many boulders seattered about in the erater. 



PLATE VL 
Miid-stream in Nagase Valley below Kawakami facing S.E. 
Dibris of roek and earth deseending in a 8wift torrent left 
wavelike traees on the side of the hill (p. 155), and filled up 
the valley perhaps not less than 40 metres deep. 



PLATE VII. 

Fig. I. — Grater as seen from the north near the village of 
Hlbarai three weeks after the eruption, and at a distanee of 9 
kilometres — the position from whieh the grand view of the de- 
yastation eould be seen with full effect. Among the dibris 
.from the erater downward, may be seen innumerable numbers 
of eonieal mounds. On the right hand are seen the hillsides 
bared by the torrent of mud. The main feature of this figure 
is analogous to Fig. i., Pl. IL For the names of the prineipal 
peaks refer to that plate. 

Fig. 2. — View of the erater twenty days after the eruption, 
from its edge ]ust over the soUatara of Kaminoyu, looking 
down the erater, at the bottom of whieh a small lake or pond 
may be seen. On the right hand side is the eharaeteristieally 
rugged eliS of Yugeta-yama, on the proximity of whieh are 
numerous withered trees stripped of Ieaves. In the middle of 
the figure are numerous fissures puffing off steam, and behind 
stands Kushigamine. The distant mountain in the baek- 
ground is the old volcano of Dake-yama. 

Fig. 3. — Distant view of Bandai-san from its south side as 
seen from the town of Wakamatsu, four weeks after the erup- 
tion. The most prominent point peak is Obandai, exposing 
on its flank a bare valley ealled Kara-sawa. The dotted line 
on the left shows the original form of Kobandai previous to the 
eruption. The prominenee immediately below is the remains 
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of Yugeta-yama. Down below is seen Marumori-yama as a 
small protuberanee. The peak to the right is Kushigamine. 
The hill ridges in the foreground are part of the Aizu-plateau. 

(From sketehes by Y. Kikuehi.) 



PLATE VIII. 

View of Bandai-san from its north-eastern side at distanee of 
about six kilometres, from the former site of the hamlet of 
Akimoto. The linear arrangement of steam-fissures is at onee 
apparent to the eye. The level traet in the foreground shows 
the levelling effect by the mud-stream, in whieh may be seen 
aeeumulations of water. A little farther away we find innumer- 
able eonieal mounds. Just above the masses of these mounds 
on the left hand side, is seen the roeky exposure of a ridge 
whieh has had its loamy erust eompletely seraped o£f. Be- 
tween this ridge and the prominent tree-covered peakofKushi- 
gamine ]ust behind, stretehes the valley of the Nagase-gawa. 

On the right hand side behind the group of eonieal mounds 
is seen the extensive slope, formerly known as Obudaira, con« 
verted into waste desert. The prominenee at the termination 
of the steam eolumn is Marumori-yama. 

(From photograph taken by Prof . W. K. Burton one week after the eraption.) 



PLATE IX. 

Plan. — Form of the erater as dedueed from the triangula- 
tion survey. The eontour lines in the erater indieate roughly 
the prineipal elevations and depressions. 

X The original top of Kobandai whieh is in the line of the 
steam iissure. 

* Prineipal steam fissures. 

Segtion. — The profile of the erater through ihe line A B, or 
the line passing through the original top of Kobandai and the 
highest part of the erater-wall. The dotted line shows thepar^ 
that was blown away, 

The heights are given in metres. 
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NOTES ON BANDAI-SAN. 



By Professors Gargill G. Knott, D.Se, F.R.S.E., 
and C. MiGHiK Smith, B.Se, P.R.S.E. 

■ 

[Read May sist, 1889.] 

On Ihe 23rd and 24th of May 1889, we paid a visit to Ban- 
dai-san with the intention simply of viewing the seene of the 
great eruption of last year. We had the privilege before slart- 
ing of reading some of the early proof-sheets of Professors 
Sekiya and Kikuehi's memoir on the eruption ; * and were to 
a eertain extent prepared for what we were to witness. On 
eomparing our experiences wilh the reeords of the earlier 
observers, we found mueh of partieular interest to the geologist, 
and were also enabled to arrive at eertain definite eonelusions 
whieh seem to have eseaped the notiee of our predeeessors in 
the field. 

Our notes are convenientIy grouped under three headings, 
as foIIow : — 

I. — The effects of erosion. 

II. — ^The eharaeter of the outburst that produeed the so- 
ealled Min6 stream. 

III. — ^The mueh disputed question of the origin of the holes 
in the vicinity of the mountain. 

These we shall take up in order. 

I. — ^The £ffxcts of Erosion. 
One of the chief features of interest to a visitor to Bandai-san 

*Journal of the Gollege of Seienee, Imperial University, Vol. III; 
also published in the present volume of the Transaetions of the Seis- 
mologieal Soeiety of ]apan (see preeeding paper). 
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at present is the wonderful way in whieh the aetion of Howing 
water in hill seulpture is illustrated. The whole area of the 
reeent deposits has been eut and carved till it shows on a fairly 
large seale the way in whieh hills may be moulded into the 
most fantastic shapes by the eontinued aetion by even very 
small streams. Without a carefully eontoured map of the 
parts covered by the deposits it is impossible in many eases to 
determine with aeeuraey the amount of erosion. In others, 
however, where the streams have eut out narrow gorges and 
left the banks at eaeh side of nearly the original height, it is 
easy to get an approximate measurement. 

The part whieh we chiefly studied was the mud-field above 
Min6. As shown in some of the photographs taken very spon 
after the eruption the surface of this field was fairly uniform ; 
at least there were no marked ehannels in it. Now, on the 
other hand, it is eut up by three deep ehannels and a number 
of smaller ones, down whieh streams of water are ilowing. 
Plate I, enlarged from a photograph, shows some of the chief 
features of this erosion. The stream, whieh is only a small 
one, is fIowing in a deep eutting with the sides sloping almost 
at the angle of repose of Ihe material. Just below the part 
shown the stream turns through nearly a right angle, while at 
the upper part is a large bloek of stone under whieh the water 
has eut a tunnel. A little above this there is a very fine eutting 
whleh we measured. Its depth was found to be 80 feet and the 
width at the top almost the same, so that the sides are sloping 
at an angle of above 63°. Higher up the euttings were eveii 
deeper, and we estimated some of them at from 120 ft. to 130 
ft; one may have been as mueh as 150 ft. Plate II., also enlarg- 
ed from a photograph, shows one of the best seelions, taken a 
little higher up the stream. It should be mentioned that these 
photographs were taken on a very misty day, so that the defini- 
tion is not so elear as might be desired. 

At first sight it seemed very difficult to believe that sueh 
deep euttings eould have been excavated by comparatively 
small streams, in so short a time, espeeially sinee we found that 
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the water in the lower part of the stream was beautifully elear 
and apparently almost free from suspended matter. Higher 
np, however, the water was muddy, and an examination of the 
ground showed that several eauses had been at work to hasten 
the erosion. The mast important of these was probably the 
damming up of the water of the streams by the falling earth, 
and the consequent aeeumulation of water behind the barriers. 
It is evident that there have been several sueh aeeumulations 
of water, and that in some eases the eseape first began by 
ehannels other than those through whieh the final rush eame. 
That sueh a rush of water as must have resulted from the open- 
ing of one of these dams would eause very rapid erosion is 
well recognized. It is very likely, from the nature of the soil, 
that the eseape would not have been so rapid as to eause the 
water to spread over a wide area, but rather that as the ehannel 
through the barrier beeame deeper and deeper the volume of 
water would be kept at flood Ievel for a eonsiderable length of 
time. Another eause of the rapidity of the erosion is to be 
found in the way in whieh many parts of the deposit are sa- 
turated with water from springs vr from small streams on the hill 
sides. In many plaees the ground is so soft that one has to piek 
his foot-steps with great eare in erossing it. The large amount 
of snow whieh was still to be found on the mountain when we 
visited it probably indieates that the snowfall last winter was 
very heavy. Though the covering of snow no doubt helped to 
proteet a large part of the ground from erosion the flood eaused 
by the melting of the snow would be effective agents in deep- 
ening the water ehannels. It was evident that the steepness 
of the slope of the banks of the stream was so great that in 
some eases the snow had slid down from them as from the 
roof of house. This had, doubtless, eaused eonsiderable dam- 
ming up at times, for even now in more than one ease the 
water eseapes by a tunnel eut under a mass of snow. The 
upper surface of the snow is in many eases so thiekly eoated 
with fallen earth that one would never suspeet that it was snow 
if it were not for the whiteness of the lower ends where pieees 
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have been broken off. While the erosion is now taking plaee 
mainly along eertain definite lines whieh apparently eoineide 
approximately with the former water eourses, this has not by 
any means been always the ease, and the result is that in some 
plaees very narrow ridges of earth have been left separating a 
now dry ehannel from the present bed of the stream, both 
slopes being at almost the angle of repose. Wind and rain 
will soon wear down these ridges, and before long the general 
appearanee will be greatly ehanged. An interesting feature 
whieh illustrates very prettily the formation of waterfalls on 
rivers, is the effect of boulders in stopping the erosion above 
while ihe aetion still goes on below. Thus a small waterfall 
is formed. If the boulder is a large one so that it reaehes to 
80me distanee beyond the ehannel on eaeh side the fall may 
beeome a pretty high one : but if it be a small boulder it soon 
gets undermined and falls down leaving the upper part un- 
proteeted. High up the valley the slopes are at a very steep 
angle (as mueh as 35° in some eases), but the covering of 
earth is not very thiek, and what there is, is proteeted to a eertain 
extent by roots, stumps, and branehes of fallen trees, so that 
there is mueh less marked erosion. It is worth noting that 
even in the deepest euttings the old river bed has not yet been 
reaehed. In the erater itself there are some admirable 
examples of weathering of another kind. The photographs 
taken immediately after the expIo8ion show some very fine 
tors and piles of roeks and dihris. These are now very mueh 
redueed and smoothed by weathering, and are evidently 
rapidly falling (eompare Plate III. with Sekiya and Kikuehi's 
Plate V.). The weathering of some of the roek masses is very 
Interesting. In partieular there is a kind of stone, probably 
basaItiC| whieh has been apparently ejected from the interior 
of the mountain. This roek beeomes perfectly white by 
exposure to the air, and seales off in layers more or less spher- 
oidal. These layers are almost pure siliea, and are very friable 
and soon erumble down into dust. 
In the eontoured map of the erater shown by Sekiya and 
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Kikttehi (see Plate IX. of their paper), two fairly large ponds 
are shown, the one towards the south side and the other a little 
further to the north-west. The latter has now distinetly dimi- 
nished in size ; and the former has quite disappeared, its site 
being taken by a large sandy flat, large enough to serve as a good 
erieket piteh. Immediately to the south of it the lower slopes 
of the erater wall begin to rise, while to the north is a series of 
rugged stony knoUs, confusedly arranged, and in many eases 
covered with a thiek layer of papillae. Another smaller sandy 
flat lies elose to the north-west of the *' erieket piteh,'' and it also 
marks the site of a former pool of water. 

The view to the north of the erater was bleak and bare in 
the extreme. Instead of several good sized lakes as in the 
days immediately sueeeeding the eruption, there was one very 
large eipanse of water and a few smaller patehes. This large 
lake reaehed as far as Hibara, and was some 5 or 6 miles long 
and fully a mile broad at the broadest part. 

Generally speaking, the appearanees in the erater had during 
the ten months sinee the eruption altered chiefly in three par- 
tieulars. There was the direet aetion of erosion in smoothing 
down the rugged and fantastic piles and tors that were at flrst 
so eharaeteristie a feature. There was the seeondary eflects of 
a rapid erosion in the silting up of ponds and their conversion 
'nto level sandy stretehes. And flnally there was the marked 
diminution in the intensity of the fumaroIes, whieh existed in 
all states, from energetie bubbling and snorling to a gentle in- 
termittent hissing at the bottom of a eonieal cavity ; and so by 
a gradual transition to an extinct eondition, in whieh perhaps 
the bottom of the cavity was still warm to the toueh. 

What seems speeially worthy of note is the amazing rapidity 
of the erosion everywhere displayed, a result of the loosely 
eompaeted nature of the new surface soil. £ven with this eon- 
sideration present to the mind, it is difficult to eredit running 
water with sueh rapidly erosive powers. There seems little 
doubt that in the Bandai-san eatastrophe and the subsequent 
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aetion of ordinary geologieal agents we have an examp1e of 
what has been in Japan a frequent mode in whieh the surface 
configuration has been effected. 

II. — ^The Charactsr of the Outburst towards thr 

South-East. 

The small plateau of Numanotaira lies now between three 
eonspieuous peaks, namely Obandai, Akahani-yama, and 
Kushigamine. The eastern erags of Obandai look due east 
aeross Numanotaira out between Kushigamine on the north 
and Akahani on the south. Akahani extends abroad shoulder 
northwards towards the southern aspeet of Kushigamine. In a 
gorge between them the main stream of the Biwasawa has its 
souree. The broad ridge eonneeting Kushigamine and Aka- 
hani may be regarded as the eastern limit of Numanotaira. A 
deep hollow with a marshy pool at the bottom lies just in the 
eentre of this ridge. AII over this region a thiek forest 
originally spread, extending itself right and Ieft over the slopes 
of Akahani and Kushigamine. The damage done to this forest 
varies greally aeeording to plaee. In some plaees the devasta- 
tion is eomplete — ghostly trunks stand shorn of leaveSx 
branehes, and bark — while in others the bared branehes still 
remain with some show of vitality. 

Generally speaking, the damage done to the trees on the 
lower slopes where none of the mud stream has aeeumulated 
is distinetly less than that done over the higher slopes of Aka- 
hani and Kushigamine and over the broad ridge that eonneets 
them. We are unable to determine the exact eharaeter of the 
damage done to the trees whieh originally oeeupied traets now 
covered with the mud stream. Probably, however, ihese trees 
were overwheImed and prostrated before the earth torrent, ex- 
eept perhaps in its lower reaehes. As we passed up the hill 
on the right bank of the Biwa, we found ourseIves on a 
steep spur whose surface was covered with the material that 
had been shot from Kobandai. To what depth this covering 
lies it was impossible to ]udge; but there was abundant evidence 
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that, as we aseended, the depth of the deposit thinned off. We 
were at this time far above the bed of the Biwa, where probably 
the mud-stream originally lay thiekest. 

The first sign of the deposit thinning ofiE was the appearanee 
of trees and shrubs tremendously shattered but still left rooted 
in si/u, Shortly after these remnants of a wreeked forest were 
first eneountered, the aseent beeame easier, until at length we 
found ourselves on the broad ridge between Kushigamine and 
Akahani. Just then the mist fortunately eleared and we had 
a iine view of the eraggy flank of Obandai, the plateau of 
Numanotaira, and the sharp edge of the new erater. In 
wandering over this region, we were struek by many appear- 
anees whieh do not seem to have received from the earlier 
visitors the attention they desenred. This we think is a mis- 
fortune ; for our observations, made ten months after the erup- 
tion took plaee, were neeessarily ineomplete. 

It was abundantly evident, for example, that the forests to 
the east and south-east of Obandai-san had been subjected| 
not merely to a hurrieane of wind, but also to a fierce ean* 
nonading of stones of all sizes from the tiniest grains to huge 
bloeks. It may be safely said that the chief damage was due 
to this *' hail<storm " of roeks and rubbish rather than to the 
wind, however strong that may have been. When the erest of 
Kobandai burst there were three main direetions in whieh the 
fragments werehurled, namely northward, upward, and south- 
eastward. The south-eastward stream poured like a nearly 
horizontal hail-storm aeross Numanotoira, over the bounding 
ridge, and down the Biwa-sawa. The trees on the ridge 
and the neighbouring slopes of Akahani and Kushigamine 
were shattered, uprooted, felled, by this awful eannonad- 
ing; but the eloud of stones, largely uneheeked in their 
on-rush, shot over the ridge and down the steep slopes till the 
smaller gradients and their own aeeumulation brought them to 
a stand. Thus it is not surprising that no very thiek deposit 
of new material is found at the higher levels. Mueh of the 
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dust and many of the smaller fragment3, retarded by the 
viscosity of the air, would no doubt settle ; but the vast 
majority of the larger fragmentswould eontinue their headlong 
rush down to lower ]evels. The great aeeumulations of roeks 
and earth at these lower levels do not neeessarily imply the 
the horizontal hail-storm we have been pieturing. The matter 
might have been launehed over the ridge at a eonsiderable 
elevation. But that mueh of it was really launehed horizontally 
80 as to graze the surfaces of the ridge and high level slopes is 
demonstrated by the nature of the damage done to the trees. 
As already mentioned, many of the shattered stumps are left 
still rooted to the ground. These are all barked on the slde 
facing the erater, and searred and eut and torn in a way 
that mere wind eould never explain. It is not possiblei of 
eourse, to separate the mere wind effect from that due 
to the solid driven matter; but we think it neeessary 
to emphasise the latter mueh more strongly than appears to 
have been done in any of the earlier deseriptions of the eata- 
strophe. To get some idea as to the heaviness of this bombard- 
ment, we eounted the separate euts and bruises on the quarter 
of a square foot of the surface of a battered tree. Th» tree 
was ehosen as a fairly representative one. A first rough 
reekoning gave 50 distinet haeks ; and a seeond more eare- 
fu] eount gave 75. That is, a square foot of this tree was, 
afier the hark had heen peeled off, subjected to a bombard- 
ment of at last 303 missiles to the square foot. This number 
must evidently be less than the total number in the shower 
and we may, without making any exlravagant demands as- 
sume that aeross every 8quare foot of vertical area between 
Kushigamine and Akahagi 500 good sized fragments swepti 
probably with a speed eomparable to the muzzle velocity of a 
rifle ball. Small wonder that after sueh a storm had passed 
it should have lef t sueh devastation in its traek ! The horizon- 
tal projection of a eloud of solid partieles of the kind pietured 
was no doubt aeeompanied by a iieree gust of wind ; but there 
really seems to have oeeurred nothing indicative of anything 
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very estraordinary in this gust. By far the greater damage 
must be attributed to the horizontal hailstorm of roeks, stones, 
and solid fragments of all sizes from huge bloeks to sand. 
The havoc was most eomplete on the eastern ridge of Numano- 
taira.* This is quite what we shouy expect. For the great 
veIocity of projection of the roeky fragments would very 
quickly be eut down by the resistanee of the air, even if no 
other impediments existed. The smaller partieles would be 
retarded more quickiy and would then aet as a brake on the 
larger ones ; so that in all probability the original energy of 
projection would have been almost entirely spent before the 
eloud of rubbish had reaehed the lower slopes. Just above 
M'm6, the fragments were still able to indent the bark, but not 
to pull it o£f. In its deseent, either through the air or down 
the steep slopes of the hills, the pro]ected matter was of eourse 
aided by gravity. 

To sum up the evidence, we see, from the eharaeter of 
the damage done to the trees on the upper ridges, that the 
shattered eastern flank of Kobandai was projected to a large 
extent horizontalIy, grazing the higher ilats of Numanotaira, 
and mowing down ihe forests that grew there. The high 
speed of projection earried nearly all the fragments and dust 
quite over these regions into the ravines and valleys far below. 
As the dibrts deseended it swept avalanche-like down the 
higher slopes whieh were too steep to give it a resting plaee, 
elearing them also of mueh of their vegetation. 

IiT emphasising the effect of this horizontaI rush of roeky 
fragments, we do not in any way mean to diseredit the effects 
of matter projected at higher inelinations. There is no 
reason, however, to suppose that the verlical pro]ection was 
denser than Ihe horizonta] ; and there are good reasons for 
supposing that the horizontaI was the greater. Or, to put it 
more aeeurately, the araount of matter projected at lower 

* We Ieave out of eonsideration the regions now hid frcm view by 
the aeeumulated new material. 
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inelinations than 45° to the horizontal far exceeded the amount 
projected at higher inelinations. The partieular manner in 
whieh the shattered mountain has re-distributed itself goes 
far to prove this. Thus there are eertain regions in the 
vicinity of the new erater whieh have eompletely eseaped any 
damage whatever ; and there are other regions in whieh the 
damage done is comparativeIy slight. These lie to the north- 
east in the direetion of Kushigamine, to the south in the diree- 
tion of Obandai, and to the west. Of these, the first-named 
is perhaps the most remarkable, sinee it is wedged in between 
the great northern outburst towards Hibara and the south- 
eastern outburst towards Min^. Now in all these eases it is 
quite elear that the summits of Kushigamine, Akahani, 
Obandai, and the north-west ridge of the last, simply stopped 
the material from going in these direetions. But very mode- 
rate upward inelinations eombined with sufficient velocities of 
projection would have earried large bloeks over these peaks 
and landed them on the further slopes. But no sueh bloeks 
have been seen. In some parts hoUs have been found whieh 
have generally been regarded as having been made by falling 
stones. But in the regions we have speeiiied these holes are 
not very numerous; and none have been found beyond 
Kushigamine or immediately to the south of Obandai. 
Assuming then that these holes were really eaused by 
falling stones, originally projected at high inelinations from 
Kobandai, we must eonelude that sueh stones were eompara- 
tively few in number. That no stones were hurled over Kushi- 
gamine shows that either the inelinations were in8ufficient or 
the velocities were insufficient, or that the eruption was singu- 
larly partial as to the direetions of its out-burst. As an.ex- 
planation of this apparent parliality, some have suggested the 
drifting aetion of the wind. £xcepting, however, the loeal 
displaeements of air whieh neeessarily aeeompanied the ava- 
lanehes of roek and rubbish, and whieh therefore eannot for 
a moment be regarded as giving direetion to its own eause, 
the general drift of wind was from W.N.W. as proved by the 
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well marked traek of the fine dust and ashes. If sueh a mnd 
had any sifting effect upon the heavier partieles, it eould not 
in any imaginable way.eause the stones pro]ected nearly east- 
wards towards Kushigamlne to deviate appreeiably from their 
original eourse. 

In fact, the more the features of the eruption are eonsidered, 
the more is one impressed with the fact that as^regards the larger 
fragments, the outburst was mainly a horizontal one, or (more 
aeeurately) confined to inelinations less than 30^ to the hori- 
zontaI. No doubt along with the aseending eloud of dust, 
smoke, and steam, fairly sized bloeks of stone were pro]ected 
at higher Inelinations ; but they must have been comparativeIy 
few in number, and their speeds of projection by no means 
great. Only in that way ean we give a really plausible explan- 
ation of the immunity from damage of the very near reglon 
lying ]ust beyond Kushigamine, and the part to the south of 
Obandai. 

Although the great outburst took plaee to the north, very 
little ean be gathered from it as to the details of the expIosion. 
All we see there is a great spread of d^bn's quite covering up 
whatever partieular damage may have been done to the former 
8urface. 

With regard to the smaller outburst to the south-east along 
and down the Biwasawa, it is otherwise. There we ean traee 
the eourse of the great blast of shattered roek and disintegrated 
8oiI right aeross the flats of Numanotaira. Trees have been 
fiercely battered by the irresistible eannonading ; have been 
bent to the blast, twisted, stripped bare, barked on the " wind 
ward " side, broken, felled, uprooted, hurled along, and many 
no doubt swept down the steep slopes and buried fathoms deep 
below the rubbish. To this day all possible kinds of devasta- 
tion ean be studied in the shattered remnant of the blasted 
forest. AIl over the region of the onee dense forest, a 
vast number of holes are still to be seen, very mueh as they 
were seen by the earlier observers. No doubt rains have had 
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their usual denuding effects ; but again the winter snows on 
the upper ilats must have tended to preserve the original eon- 
tour. These holes we believe to be mainly, if not entirely, the 
result of the uprooting of trees ; the smaller holes being due to 
the uprooting of single tre'es, the larger ones possibly to the 
simultaneous uprooting of a elump of trees whose roots were 
more or less interlaeed. That this is a sufficient explanation 
of many holes is admitted by Mr. Odlum in his paper, " How 
were ihe Cone-shaped Holes on Bandai-san formed ?" — a paper, 
however, whieh was written avowedIy with the object of proving 
that the eonieal holes were formed by falling stones. From 
what has been said above regarding the eharaeter of the out- 
burst towards Min6, itwill probably be readily reeognised that 
many of these uprooted trees are to be sought for, not in the 
vicinity of the holes, but far below, buried deep in the aeeu- 
mulated dihris, 

As the very widely aeeepted theory of the formation of the 
eonieal holes through the ageney of falling stones ejected from 
the erater has not been as yet eritieally examined in print, we 
propose here to eonsider it as fully as opportunity may permit. 
As Mr. Odlum's obsenrations are the most eomplete on the 
subject, and as his paper has been already published in these 
Transaetions, many of our remarks will naturally be suggested 
by his statements. 

III. — ^Thb Gonigal Holes at Bandai-san. 

It must be notieed at the very outset that the holes are 
not all of one elass ; and it appears to us, writing ten months 
after date, that the earlier observers did not pay suASeient atten- 
tion to this. Leaving one of aeeount the beautiful eonieal 
holes formed in the erater by the aetion of fumaroles, we are 
able to distinguish three kinds of holes in the vicinity of Ban- 
dai. These are sufficiently differentiated by the names eonieal, 
eylindrieal, and flat basin-shaped. The eonieal holes abound 
in the devastated region to the east and south-east of Obandai. 
The other kinds are not by any means so numerous, and are 
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chiefly to be found to the W.N.W. of Obandai in ihe neigh- 
bourhood of Kaminoyu. These last are what have been 
obsenred by the great majority of visitors to the mountain, 
sinee they lie near the path whieh leads from Inawashiro to 
the great erater. 

That falling stones ean make holes in the ground is no, 
doubt a fact of esperienee. But when we are asked to be- 
lieve { that stones ean make holes of 30 feet diameter and 10 
feet depth, or even 10 feet diameter and 3 feet depth, and bury 
themseWes to a further depth of at least 3 feet below the ap- 
parent bottom of the hole, we are eompelled to demand at the 
hands of the supporters of sueh a view thei most eomplete 
proof8. We shall eonsider later the so-ealled proofs whieh 
have been advanced in support of the falling-stone theory. 
We shall first, however, diseuss the problem of the falling 
body generally, to see what kind of effect we may reasonably 
expect to obtain when a large stone falls to earth with a reason- 
able speed. The problem, we believe, has never been dis- 
eussed even approximately, that is, taking into aeeount all the 
eonditions. It is no mere question of a imiform aeeeleration 
with whieh we have to deal. When onee we obtain speeds 
of several hundred feet per seeond, we bring into play an 
atmospherie resistanee of a magnitude quite eomparable to 
the weight of the falling body. Indeed, we shall see that for 
any reasonable ease, it is really impossible for a falling body 
to altain a velocity of i,ocx> feet per seeond. The reason 
simply is that if a body were deseending near the earth's sur- 
face with sueh a speed, the retardation due to atmospherie 
resistanee would exceed the aeeeleralion due to gravity, and 
the speed would tend to diminish. 

Even at moderate speeds the retarding effects of atmos- 
pherie resistanee on falling bodies are quite appreeiable. 
Thus if a eannon ball and a roughly eubieal stone are dropped 
simultaneously from a height of 50 feet, the ball is dis- 

t See Mr. Odlum's paper in this volume (p. 28) ; also Professors 
Sektya and Kikuehi's paper in the same (p. 169). 
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tinetly observed to gain upon the stone and reaeh the 
ground ahead of it. Suppose the gain is half a foot ; 
and suppose further that beeause of its form and relative 
mass the stone experiences an atmospherie resistanee twiee 
that experienced by the ball ; then a simple ealeulation gives 
for the average aeeeleratlon due to the viscosity of the air the 
value 3 (ft. see.'*). We shall see immediately that this is a 
fair approximation to the value, as inferred from experiment8 
on the fiight of projectiles. It is, indeed, only from the very 
elaborate experiments in gunnery that we ean obtain any de- 
finite ideas as to the magnitude of the atmosphere's re- 
sistanee. Scientific Artillerymen have prepared valuable 
tables embodying the results of their experiments ; and we 
shall base all our ealeulations on one of these tables. The 
full table will be found in tlie artiele Gunnery in the Eney^ 

Tablk I. 

Speed in Feet Time io 

per Seeonda. Spaee in Feet. Seeonds. 

400 , 5,(XXD 5'CXX5 

500 8,701 13*306 

600 11,702 18796 

700 14,280 22-781 

800 1^*513 25769 

900 , 18,362 27954 

1,000 19,843 , 29-521 

1,100 20,898 30*531 

1,200 21,592 3i»37 

1,300 22,179 31*607 

1,400 22,693 31-988 

1,500 23,162 32*312 

1,600 23,607 32599 

1,700 24,033 32858 

1,800 24,441 33-091 

1,900 24,832 33303 

2,000 25,207 33-496 

2,100 25,556 33*666 

2,200 25,876 33*816 

2,300 26,174 33948 

2,400 26,446 34*064 

2,500 26,696 34-166 • 

elopaedia Britanniea (ninth edition) ; it is suASeient for our 

present purpose to use it in a eondensed form. In Table I. 
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there are three eolumns headed speed, spaee, and time ; and 
these are so related that if any two sets be taken, the dif!erence 
of the time numbers represents the interval during whieh the 
speed of a partieular kind of projectiIe will be redueed from 
the higher to the lower value, and the difference of the spaee 
numbers represents the spaee deseribed. ThuSi as an ex- 
ample, the projectile moving horizontalIy in air with a speed 
of 2,000 feet per seeond will have its speed redueed to 1,000 
in 3'995 seeonds, during whieh interval it will have travelled 
5,364 feet. The partiedlar projectile for whieh this table is 
eonstrueted is an o'gival headed projectile, whose mass in 
pounds is equal to the square of its diameter in inehes. Now 
for similarly shaped projectiles, the resistanee of the air va,ries 
direetly as the square of the diameter and inverse]y as the 
mass. Henee, if d is the diameter and w the mass in pounds 
of any other ogival projectile, the number d*lw will give the 
ratio of the average resistanee experienced by this projectiIe to 
that experienced by the former in redueing the speeds of eaeh 
from one given value to any other given value. If ^*/w is 
less than unity, the projectile will travel proportionately further 
between two given limiting values of speed. 

Besides the relation between the size and mass of a projecliIe, 
another very important point is the shape. Thus aeeording to 
Bashforlh's tables the resistanee experienced by a spherieal 
shot varies, aeeording as the speed is high or low, from 1.5 to 
2 times the resistanee experienced by an ogival headed pro- 
jectile of equal weight and diameter. Then experiments have 
also proved that at tolerably high speeds, a flat-headed eylinder 
experiences a resistanee about 2\ times that experienced by 
the ogival headed eylinder. For lower speeds, say under 1,000 
feet per seeond, the resistanee experienced by the flat headed 
eylinder will in all probabilily be proportionally greater, as in 
the ease of the sphere. Now a rough shapeless stone eannot 
possibly be less resisted than a smoolh flat-headed eylinder, 
espeeially if, as is almost eertain to be the ease, the stone is 
also rotating. We are probably well within the mark if we 
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eonsider the resistanee experienced by a rough shaped stone 
to be three times that experienced by an ogival pro]ectile of 
the saine weight and of eross-seetion eqaal to the mean eross- 
seetion of the stone. 

Again it should be pointed out that, in applying to the ease of 
a large stone numbers that have been obtained by experiments 
on comparatively small projectiles, we are making the assump- 
tion that the resistanee is direetly proportional to the surface, 
other things being equal. £ut this law, true though experiment 
shows it to be for a limited range of dimensions, ean hardly 
be expected to hold aeeurately when we eompare say a 7 ineh 
sphere with a 3 feet or 36 ineh spherieal shell of the same 
mass. When the nature of the dynamieal proeess by whieh 
sueh a mass pushes its way through air is eonsidered, it will 
probably be granted that the resistanee inereases somewhat 
more rapidly than the surface when the surface beeomes very 
large. Taking all the eonditions of the ease into aeeount, we 
are convinced that, in the ealeulations now to be presented, 
we are really underestimating the resistanee experienced by a 
rough shaped stone as it travels through the air. 

To fix our ideas, we shall ealeulate in detail variou8 
problems in eonneetion with a stone of the size and weight of 
one of those deseribed by Mr. Odlum. He gives 27 by 35 by 
40 inehes as the dimensions of a stone excavated by him 
out of one of the so-ealled eonieal holes. We may take as 
eomparable with this a projectile of area equal to 36* square 
inehes ; and we shall eertainly be underestimating the e£fect8 
of atmospherie resistanee if we regard this projectile, assumed 
eylindrieal, as experiencing a resistanee three times asgreat as 
that experienced by an ogival projectile of the same diameter 
and mass. The diameter eorresponding to the above area 19 
\/i64« ; and the mass, as eslimated by Mr. Odlum, is 3,975lbs. 
Henee the number d*lw is 0.46 ; and multiplying by 3, we find 
1.38 as the factor to be used in dedueing from the numbers 
g;iven in Table I. the numbers whieh may be supposed to be 
applieable to the ease in point. 
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The simplest way to do this is to form a seeond table (Table 
II.), in whieh are entered the average aeeelerations eorre- 
sponding togiyenspeed limits. The operation eonsists simply 
m taking the first differences of the eolumns of Table I. and 
in dividing the ehange of speed or total aeeeleration by the 
eorresponding interval of time. In Table II. the first eolumn 
gives the limiting speeds; the seeond, the interval of time 
during whieh the resistanee of the air reduees the speed from 
the higher to the lower limit ; the third, the average aeeelera- 
tion produeed by this resistanee in the ease of the ogival pro- 
jectile for whieh ^' =zc; ; the fourth, the same for the stone 
under diseussion. The va]ues for speeds less than 400 are 
estimated by a rough interpolation : — 

Tablk II. 

Limitine speeds io Intenral of time Average acceleration{(ft. see*) 

bundreds of feet. in seeonds. Ogi¥ai. Irregular. 

25-24 0*I02 — 080 — 1352 

24-23 o'ii6 — 062 — 1190 

23-22 0132 — 758 — 1046 

22-21 0*150 — 667 — 920 

21-20 0-170 — 588 — 811 

20-19 0*193 — 5^8 — 7'5 

19-18 0*2I2 — 472 — 651 

10-17 0233 — 429 — 592 

■ 17-16 0*259 — 386 — 537 

16-15 0*287 — 348 — 480 

I5-U u 0324 —309 — 426 

14-13 0*381 — 262 — 362 

13-12 0*470 •. — 213 — 294 

I2-II o*6o6 — 165 — 228 

ii-io i'oio — 99*6 — 137 

10-9 1*567 — 64*0 — 88*3 

9-8 2*185 — 45*8 — 63*2 

8-7 2*988 — 33*4 — 461 

7-6 3985 — 25*1 — 34*6 

6-5 5*490 — i8*2 — 25 

5-4 8*306 — 12*0 — i6*6 

4-3 — 8 — II 

3-2 — 5 — 6*9 

2-1 — 3 — 4*2 

i-o — — I — i'4 

The numbers in the third eolumn are obtained from those 
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in the seeond by dividing 100 by eaeh of the latter ; and the 
numbers in the fourth eolumn are obtained from those in the 
third by multiplying by i'^S. 

In applying these numbers to any problem involving vertical 
motion, \ve must ealeulate at eaeh step the eombined effects of 
gravitation and atmospherie resistanee. When the body is 
aseending, the resistanee due to the air aets with gravity; 
whereas when the body is deseending, the resistanee due to 
the air aets against gravity. 

Gonslder first an aseending body whose speed is redueed in 
time / from v to (2:;— 100). By gravity, ihe total aeeeleration in 
this time is— ^/; and by resistanee due to the air the total 
aeeeleration is — a /, where a is the number in Table II. eor- 
responding to thelimiting speeds v and (»—100). Henee the 
total aeeeleration due to both eombined is — (g+a)/, and this 
must be equal to —100. Thus we find for the interval of time 
during whieh v is redueed to (r;— 100), the expression 

100 
"■ g + a 

From this we find for the spaee deseribed the approximate 
value 

s = / (v — 50) 

being the time multiplied by the average speed. 

If the body is deseending we must ehange the sign of a in 
the expression of /, or 

100 

/= 

g-a 

In applying this formuIa we must confine oursehes to eases 
for whieh a is numerieally less than g, Thus we see at a 
glanee that it is impossible for an ogival shaped projeclile to 
attain 5y merely /alling a higher speed than 800 feet per 
seeond, or for an irregularly shaped mass to attain similarly 
a higher speed than 700 feet per seeond, however far eaeh is 
allowed to fall. 
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The numbers given in Tables I. and II. hold only for 
the motion of projectiIes in air at the ordinary pressure 
at the sea-level. Obviously at great heights the pressure and 
density of the air will be so diminished as to give rise to a 
resistanee distinetly smaller than that experienced at low 
elevations. Exactly how the resistanee to high speeds varies 
with the density of the air is not known ; but we may here as- 
sume for the purposes of ealeulation that it varies in direet 
ratio. Thus at a height of 10,600 feet, the retardation due to 
atmospherie resistanee experienced by our irregular body 
moving with a speed by 1,050 feet per seeond will be, not 137 
as given in Table II. but 91 — these two numbers being in the 
ratio of the pressures at the sea-level and at the height named. 
This eorreetion for deerease of atmospherie resistanee due to 
inerease in height must be applied to every partieular ease. 

Let us then take this problem as one direetly eomparable 
with what may have oeeurred at the Bandai-san eruption. A 
rough fiat headed body 36' square inehes in area and 3,975 
Ib. in mass is pro]ected upwards from a height of 8,000 feet 
with an vertical speed of 2,500 feet per seeond. To what 
height will it aseend, and with what speed will it eome to earth 
at any named eIevation ? 

The iirst part of the problem is eompletely solved in Table 
III., and the seeond part in Table IV. Both of these tables 
are eonstrueted on the same prineiple by means of the num- 
bers given in the last eolumn of Table II. The first eolumn 
eontains the limiting speeds in hundreds of feet ; the seeond, 
the interval during whieh, at the assumed height, the partieular 
ehange of speed takes plaee ; the third, the spaee deseribed 
during the interval in question ; and the fourth, the total spaee 
deseribed from thebeginning to the end of the said interval : — 
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Table III. 

LimitiDg speeds in Spaee deseribed Spaee deseribed 

handrea8of Interval io in from the 

feet. seeonds. interTaL beginning. 

25-24 -099 242 ......... 242 

24-23 '"3 265 507 

23-22 '128 288 795. 

22-21 '147 312 1,107 

21-20 '166 341 1,448 

2019 '191 372 1,820 

19-18 , '211 391 2,211 

10-17 '234 410 2,621 

17-16 '259 428 3»049 

16-15 '291 452 3»50^ 

15-14 '331 480 3,981 

14-13 '386 522 4,503 

13-12 -472 590 5»093 

12-11 -588 675 5,768 

11-10 '893 940 6,708 

10-9 i'22o ......... 1,160 7,868 

9-8 1*515 1,280 9,148 

8-7 179 '»330 io,47B 

7-6 2-04 1,320 11,798 

6-5 2*33 1,220 13,018 

5-4 2*56 1,150 14,168 

4-3 278 275 15. U3 

3-2 2-94 740 15.883 

2-1 3-00 450 16,333 

i-o 307 150 16,483 

Table IV. 

Limiting speeds in Interval in Spaee deseribed Spaee de»cribed from 

haodreds of feet. seeonds. in interval. the beginning. 

o-i 3*17 160 160 

1-2 3*28 492 652 

2-3 3*37 843 ".495 

3-4 3'66 1,280 2,775 

4-5 4'o8 1,841 4,616 

5-6 503 2,766 7,382 

6-7 8*55 5.558 12,940 

7-7*1 208 1,470 14,410 

7'i-7*2 385 2,750 17,160 

The mode in whieh these tables have been eonstrueted will 
be made elear by working out a partieular ease in eaeh. 

Thus, to find the interval during whieh the aseending stone 
bas its speed redueed from 1,100 to 1,000 feet per seeond, 
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take from the last eolumn of Table II. the number 137 eor- 
responding to the said limiting speeds. This measures the 
negative aeeeleration due to the resistanee of the air at ordinary 
8ea-level pressure. But we know from the previous pan of 
Table III. that the stone has aseended 5,768 feet, so that its 
mean height during the next interval will be about 14,000 feet 
(8,000 + 6,000) above sea-level. Henee the density of the 
air will be less than the density at sea-level in the ratio of 
approximately 17*51 to 30. Reduee 137 in this ratio, add 32 
(or^) to it, and the result, 112 namely, will be the measure of 
negative aeeeleration aeting on the stone. Divide 100, the total 
ehange of speed, by this number, and the quotient '893 is the 
eorresponding interval as given in the seeond eolumn of Table 
11. This interval, multiplied by 1,050, the average speed, 
gives 940 as the eorresponding spaee deseribed ; and this, 
added to 5,768, gives 6,701, the total spaee deseribed from the 
beginning of the motion. In this way, step by step, the final 
eolumn of Table III. has been dedueed. 

Then, again, to find the interval during whieh the stone in 
its deseent has its speed inereased from 600 to 700 feet per 
seeond, take from the last eolumn of Table II. the number 
34*6. But already the stone has deseended 7,382 feet, and is 
therefore at a height of 17,101 feet. Before the speed ean 
attain to 700 feet per seeond, the body will have to fall some 
6,000 feet further. Henee we may apply to the number 34*6 
the eorreetion due to the density of the air at a height of 
14,000 (16,000—3,000) feet. That is, we multiply 34*6 by the 
factor i7'6/3o and obtain 20*3. Thenee we deduee 11*7 
as the downward aeeeleration aeting on the body, and 
8*55 seeonds as the intenral during whieh the speed 
is inereased by 100 feet per seeond. The spaee de- 
seribed in the interval is at onee found by multiplying 
the time by the average speed, and this added to 7,382 
gives 12,840 feet as the total spaee deseribed sinee the begin- 
ning. After this eondition is reaehed, the speed is aeeelerated 
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moee and more slowly as the body falls to lower leve]s. The 
two last rows of numbers in Table IV. are ealeulated for total 
aeeelerations of lo feet per seeond at a time — the factors being 
obtained from Table III. by rough interpolalion. We thus see 
that the mass, originally projected with a veIocity of 2,500 feet 
per seeond, retilrns to the assumed level of its point of projec- 
tion with a speed of barely 720 feet per seeond ; and further, 
a eonslderation of the numbers in Table III. will show that, in 
deseending to lower Ievels, even to the sea-level, the mass will 
suffer no appreeiable inerease of speed. 

Thus a fair-sized bloek of 4,000 Ib., projected from a height 
of 8,000 feet above the sea level with a vertical speed of 2,500 
feet per seeond, will reaeh a height of 24,500 feet above the 
sea-Ievel. It will return to earth from that height with a speed 
of 720 feet per seeond ; and it will have nearly attained this 
speed after it has lallen about half that height. 

The amount of energy lost during the aseent is 324 million 
foot-pounds, and the energy lost in the deseent to the level 
from whieh the body was projected is nearly 63 million foot- 
pounds. This gives a total loss of 387 million foot-pounds of 
energy out of an original 390 million foot-pounds. Mueh the 
same loss of energy will oeeur in the ease of a body projected 
with a high speed horizontally at low elevations. A large par^ 
of this loss of energy wlll appear as heat in the stone itseU. If 
we suppose one-third of it to be so transformed, and assume 
the specific heat of the stone to be 0*2, the temperature of the 
4,000 Ib. bloek will be raised by fully 200° Fahrenheit. The 
hot partieles felt by some of the su£ferers are thus fully ac- 
eounted for. 

Although it has no partieular bearing on the subject under 
diseussion, an interesting ealeulation may be made as to the 
speed with whieh the same stone would reaeh the earth if pro- 
jected from a height of 24,000 feet with an initial downward 
speed of 2,500 feet per seeond. By the time it had fallen half 
way, ils speed would be diminished to 1,000 feet per seeond ; 
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and it would eome to earth with a speed of about 800 feet per 
seeond. This sufficiently explains the comparatively low speeds 
with whieh meteors reaeh the earth. Also sinee any initial hori- 
zontal or (more aeeurately), tangential speed will be eut down 
by the atmospherie resistanee without being at all sustained by 
any other force, we see that stieh a meteorie stone will eome 
to earth in a direetion not mueh inelined to the vertical. 

The foregoing ealeulations then lead to the eonelusion that 
700 feet per seeond is as mueh speed as an irregular eube- 
shaped stone 4,000 pounds weighti and one square yard in 
seetion, ean be expected to attain by merely falling from any 
height, up to the praetieal limits of the earth's atmosphere at 
any rate. The next question to diseuss is, what penetrating 
power ean this stone, reaehing the earth with sueh a veIocity, 
be reasonably expected to have ? From observalion we know 
that a good sized meteorie stone ean do little more than bury 
itself ; and, in the absenee of unquestionabIe evidence to the 
eontrary we have no right to endow a stone projected from a 
Yoleano with any very superior powers. Here again, however, 
we shall appeal to the experiments of artillerymen. 

In Ghapler VI. of Bashforth's Motion of ProjectiIes (1873), 
Didion's eonstants for the ealeulation of the penetration of 
spherieal shot into various kinds of woods, earths, and masonry, 
are given in English measures, together wilh the formula that 
gives the depth penetrated in terms of the striking veIocity. 
From these data the following table has been ealeulated, 
giving for different velocities the penetrations in feet of a 
spherieal shot, whose weight in pounds is equal to the square 
of its diameter in inehes. 

The iirst eolumn eontains the name of tbe subslanee pene- 
trated, the other three eolumns eontain the depths in feet to 
whieh the shot penetrates, and at the head of eaeh of these 
three eolumns is the eorresponding striking velocity in feet per 
seeond: — 
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Substanee penetrated. Depths penetrated £or Striking Yeloeities of 

i,oeo. 7$o. 500. 

Oak, Bireh, and Ash 376 2*57 1*36 

Elm 489 333 177 

Fir and Bireh 704 4*80 2-55 

Poplar 719 4-90 2-6i 

Sand, mixed with gravel ... 5' 12 4*19 2*97 

Earth, mixed with sand and 

gravel 372 3*05 2'i7 

eiayey soil 587 422 2-43 

Old Parapet Earth 670 5-05 3-10 

Damp elay 15*00 ii*55 7*38 

Moistened elay 43'52 33"52 21*4 

Good masonry 1*51 1*05 0*54 

Medium masonry i"97 i'^i o*68 

Briekwork 275 1*83 095 

The object of the esperiments on whieh these numbers are 
based was of eoarse a very praetieal one, being nothing else 
than the inve8tigation of the resisting power to bombard- 
ment of different kinds of defensive struetures. The earths 
were therefore all ** prepared " and eannot possibly have been 
more resisting than natural solid earth full of stones of all sizes 
and knit together by grass and tree roots. We are therefore 
quite warranted in regarding 4 feet as a superior limit to the 
penetration in natural earth of sueh a shot falling with an im- 
paet speed of 750 feet per seeond. 

Henee a smooth spherieal ball of the same weight and the 
same eross-^seetion as Mr. Odlum's stone above deseribed 
would penetrale (4/o'46=) 9 feet nearly. In penetrating 
power, an ogival headed projectiie is distinetly superior to a 
sphere of equal diameter and weight, in a ratio not smaller 
than 3 to 2. We may reasonably suppose a eube or Aatheaded 
eylinder to have slill less penetrating power in earth, as we have 
shown them to have in air. With the fair enough assumption, 
then, that a rough euboid bloek experiences 3 times the resist- 
anee whioh an ogival headed projectile experiences, we find ^i 
feet as the superior limit of depth to whieh a rough hewn stone 
of the size and mass deseribed will penetrate. 

In this diseussion, the one step of any doubt is ihe last. It 
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will eertainly be admitted, however, by any eapable of giving 
the matter 8cientific eonsideration that a rough euboid will have 
distinetly less penetrating power than a smooth sphere. We have 
iinfortunately no esperiments to guide us to a definite under- 
standing of the matter. £xperiment would be difficult, indeed ; 
for even were stones dropped from the top of an £iffel Tower, 
they would reaeh the ground with a eomparating low speed of 
some 200 feet per seeond. Still in sueh experiments, the 
results would be va1uable as establishing comparative penetrat- 
ing powers of masses of different shapes and sizes. £x- 
periments with stones dropped from ordinary heights are 
worthless, as we found ourseWes by trial. The stones were 
in many eases only half or even quarter buried, and it was 
not possible to estimate even approximate1y what might be 
ealled the average seetion. 

Guided by the diseussion ]ust given and by a general eon- 
sideration of the eharaeter of holes made by projectiles, we 
may safely sum up our eondusions thus : — 

I. If a slone falls with sufficient speed to make it really 
bury itself beneath the original surface of the ground, It will 
form a eylindrieal hole of a diameter a little greater than its 
own. A '* eonieal *' appearanee may then be given to the hole 
either by the falling in of small ashes and dust following in 
the wake of the stone. The latter is highly probable in the 
ease of an eruption like that whieh happened at Bandai-san ; 
the former is very unlikely to take plaee in old vegetable- 
bearing soil. Now, in the Nakanoyu region to the west of 
Bandai-san, sueh eylindrieal holes of comparatively small 
diameter were seen both by the earlier observers and by our- 
selves. The diagram shown in Professors Sekiya and Kiku- 
ehi's paper (p. 167 of this vo]ume) evident]y represents sueh 
a possible hole. It is believed by them to have' been made 
by a euboidal stone half a metre eaeh way. Assuming 
this stone to be of the same density as Mr. Odlum's stone 
for whieh we have made detailed ealeulations, we readily see 
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that its penetrating power for a given speed will be a little 
more than half as mueh. Thus, even if we grant to it all the 
penetrating power of a smooth sphere of equal weight and 
eross seetion, we should not get it to penetrate deeper than 5 
feet. In this eonelusion we are in fair aeeord with Sekiya and 
Kikuehi's own rather vague ealeulation. They say, "The ve- 
loeity needed for penetrating a soft loamy soil to a depth of 
2.5 metres would be belween 300 metres and 600 metres per 
seeond, aeeording to the value of coefficients we take." Here 
we are left in eomplete darkness as to what will penetrate that 
depth with that speed — is it an ogival headed pro]ectile, or a 
eannon ball? Stili, taking the mean of these two speeds, 
namely, 450 metres or 1,480 feet per seeond, and ealeulating 
from Bashforth's formula and table for elayey soil, we find 
that a ball whose w6ight in pounds is equal to the square of its 
diameter in inehes will penetrate 9 feet or 2.73 metres. But 
we absolutely deny that a stone faHing in air ean ever attain 
sueh a speed as 1,480 feet per seeond, even though it should 
fall from infinity; so that, in this parlieular ease, we eannot 
folIow Professors Sekiya and Kikuehi in believing thatthe hole 
asfigured in their drawing was altogether formed by thestone 
that is shown resting at the bottom. But, although we are 
eompelled to regard this as, to say the least, a doubt(ul ease, 
we are quite prepared to adniit that the comparatively small 
eylindrieal holes that are pretty plentiful to the West of the 
mountain and whieh, be it noted, were those chiefly seen hy 
visitorSy were formed by falling stones. The holes deseribed 
by Mr. Odlum ean hardly, however, be ineluded in this eate- 
gory, as we shall see further bn. 

2. If a slone falls with a moderate speed so as to be ineap- 
able of burying itself eompletely, it will probably produee a 
splash out of earth ; and if, as is highly probable, it should be 
broken by the eoneussion, a shallow basin-shaped sear will be 
formed. £ffects of this eharaeter were also observed in the 
Nakanoyu region. But it is difficult to regard the large eoni- 
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cal holes deseribed by Mr. Odlum as having been formed in 
this way. For aeeording to his deseription (p. 28 of this 
Yolume) some of these holes are so large as to have required a 
very large boulder indeed to ^have produeed them. But no 
sueh large boulder is deseribed ; and if it had broken into 
fragments, there would be fragments not only in Ihe hole but 
all round it. But (p. 25 of this voIume) there is nothing on 
whieh Mr. Odlum is more emphatie than the fact that in the 
region he is eonsidering there are no stones to be found on 
the surface. 

3. We believe that many of the holes deseribed by Mr. Odlum 
eannot be sufficiently explained on the falling stone hypothesis. 
As Prpfessors Sekiya and Kikuehi regard Mr. Odlum's re- 
searehes as having settled the question of the origin of the 
eomieal holes, it will not be out of plaee here to eonsider the 
factsand proofs brought forward by him in support of his view. 
Mr. Odlum eertainly deserves high eommendation for the 
energetie way in whieh he earried out his labours. His fact5, 
sueh of them as he gives, must be aeeepted as incontrovertibIe. 
It is unfortunate, however, thathe hasgivensuch an ineomplete 
statement of all that he must have observed. In the diseus- 
sion whieh foIlowed the delivery of his paper before the Seis- 
mologieal Soeiety of Japan, one of us asked for distinet 
information on these points : (i) how many holes did he dig 
into, (2) how many of these eontained new stones, (3) was 
there any relation between the size of the hole and the size of 
the stones found in it ? No answer was given to these questions 
at the time; and it is with feelings of great disappointment 
that we seareh in vain thrdugh his paper for information on 
these important points. 

Another important question suggested by our own visit there 
is, what was the former eharaeter of the region in whieh a 
given hole was found ? Was it wooded, or was it grassy ? In 
Mr. Odlum's paper there is no distinet statement even as to 
where he made his investigations. From his map we infer 
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that it was to the South £ast of the mountain, ineluding the 
region we have deseribed above in diseussing the eharaeter of 
the ouiburst towards Min^. This partieular region was» we 
believe, not visited by Professors Sekiya and Kikuehi ; and it 
is very questionable whether arguments based on the appear- 
anees in one region are applieable to the somewhat different 
appearanees seen in another region. One gentleman, who 
made a very eomplete survey of the Numanotaira plateau, 
formed the theory that the large holes there were produeed by 
small loeal tornadoes. We mention this simply as an illus- 
tration of the difficulty some have had in erediting ^alling 
stones with sueh tremendous hole-produeing powers. The 
simple fact seems to be that the vast majority of visitors eon- 
tented themseWes with visiting the erater by way of Nakanoyu 
and that very few indeed took the trouble of aseending to the 
higher slopes of Obandai, Akahani, and Kushigamine. They 
thus saw only the moderate1y-sized holes formed to the west 
and north-west of the erater ; and, as these eould easily be 
formed by falling stones, they hastily eoneluded that all the 
other reported holes were formed by the same ageney. Mr. 
Odlum, however, seems to have eoniined his investigations 
solely to the region to the south-east of the erater ; for here 
only are the large eonieal holes of 20 or 30 feet in diameter to 
be found. 

Let us now take up Mr. Odlum's proofs in order. To his 
ist Question, did stones fall ? no one ean of eourse hesitate to 
answer yes. Under his 2nd Que8tion, where are these stones ? 
there are some some statements ealling for remark. Statement 
A. proves indireetly that Mr. Odluih is dealing with the region 
to the south-east ; for here only do we find holes and no stones 
on the surface ; but that " stones fell in all direetions " is a re- 
mark that is hardly borne out by the evidence. No holes are 
found to the south over Obandai, and no holes are found to 
the east over Kushigamine. These facts are dilEeult to re- 
eoneile with a heavy vert1cal pro]ection of the kind that 
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mnst be imagined if " tens or hundreds of thousands of holes " 
(see D.) are to esplained as produeed by falling stones. 
Kushigamine at any rate was a lower height than Kobandai ; 
and it is difficult to believe that a heavy vertical outburst, whieh 
alone ean give sufficient speeds for penetrating purposes, 
should have been so partial in its final distribution. In para- 
graph 21 (page^i) the author invokes ihe wind, whieh was 
blowing towards the E.S.E. at the time. But a " moderate 
northwesterly breeze," as it is characterized by Professors 
Sekiya and Kikuehi, eould have very little drifting effect upon 
large masses ; and besides Kushigamine lies in the very diree- 
tion in whieh this wind was blowing. Mr. Odlum's assump- 
lion that ihe " wind at a great elevation was very strong," (p. 
31, i^.) is altogether gratuitous. His further suggestion* 
under heading B is an extraordinary example of making one 
of two co>existent effects the eause of the other. Under head- 
ing C on the same page, however, there is a very elear deserip- 
tion of what in all probabilily aetually took plaee. It quite 
falls in with our view of the largely horizontal eharaeter of the 
outburst towards Min^. Returning again lo paragraph 2, 
we meet at onee with another difficulty of distribution. It 
is distinetly laid down that no stones were found except in 
holes. Now it seems to us to be a great demand upon our 
eredulity to be asked to believe that, granted a heavy vertical 
outburst, all the falling stones should have gone up so far as 
to have eome down with speeds snfficient to enable them to 
penetrate eonsiderable depths. Surely in sueh a ease, in the 
region to the east of Numanotaira, stones of all sizes and 
shapes would be found strewn about. Aeeording to our view 
of the ease, however, this laek of stones is easily explained. 
The outburst, oeeurringmainlyat comparatively low eIevations, 
earried nearly all the heavier fragments over the plateau and 
preeipitated them down the slopes beyond. The whole forest 

* In this page these are some obvious misprints of " north " for 
"south"and/'N."for"S." 

H 
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was devastated, and large numbers of trees earried bodily ou' 
of the ground. Into the holes formed by the uprooting of 
these trees, it is quite to be expected that some of the stones 
should fali and be more or less covered over with d^bris 
and loose soil. Mr. Odlum did not find stones in all 
the holes (see E.y page 25), whieh he esplains in para- 
graph 13 (p. 28) on the hypothesis that these holes were 
holes made by people digging out pine-roots. Unfor- 
tunately, as already nolieed, we get no information as to 
what proportion of the holes dug into were found to eontain 
stones. The fact8 deseribed under F, and G, are not ineon- 
sistent with what we have deseribed as a probable eiplanation 
of the presenee of stones in many of the holes ; and the in- 
eidental information we get regarding the eharaeter of the soil, 
full of old roots and boulders, simply diminishes the likelihood 
of deep penetration. Paragraph 3 (p. 25) is mueh too vague 
in statement to lead to any eertain eonelusion ; paragraph 4 
proves nothing except that a stone hit a roek; while if para- 
graph 5 means anything, it means that the stone shown in Fig. 
II. was traveHing horizontaIly and with a speed not by any 
means excessive. 

In regard to the diseussion of the forms and sizes of the 
holes, paragraphs 6 to 15, we may remark that the eeeentrie 
position of the stone in the hole proves only that the stone 
eame into it obliqueIy and does not neeessarily mean that the 
stone made the hole ; that some of the arguments brought for- 
ward have no bearing on the question how were the holes 
formed {e,g,; 9, 10, 11); and that the diseussion of what 
ought to be if Professor's Milne's theory were true is singularly 
pointless. On the other hand, in paragraph 8, Mr. Odlum 
brings forward a fact, whieh under eertain eonditions would be 
very difficult to explain on any other hypothesis than that of 
the falling stones. Under paragraph 14, more eomplete de- 
tails regarding the admixture, so to speak, of large and smal| 
holeSy would have been very desirable. In paragraph 15, Mr. 
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Odlum seems to say, that re1atively to their diameters, the 
holes were shatlower higher up the mountain than lower.down ; 
and this he explains by a difference of velocity. But, if stones 
went high enough so as to eome to their origihal level again 
wlth sufficient speed to form large holes, we have seen that 
there will be very little aeeeleration as they fall an extra 4iPCXD 
feet. The relative shallowness of the higher holes seems to 
be sufficiently explained as due to greater density of ashes and 
dust that fell at the higher levels. 

In paragraphs 16 and 18 we have some measurements given 
us, but strangely ineomplete. Thus we are told the size and 
weight of one stone; but ean gather nothing as to the size of 
the hole whenee it was dug. Then we are given careful mea- 
surements of the dimensions of two holes; but not a hint as 
to the size of the stones found therein. 

We have entered into a detailed eritieism of Mr. Odlum's 
paper, sinee it has been made so mueh of by the supporters 
of the falling stone theory, and sinee he alone of all the many 
observers in the days immediately sueeeeding the eruption 
took the trouble to get at the facts. For sueh enthusiastie 
labour he deserves warm praise. But we doubt if he ean be 
regarded as having established his ease, that hundreds of 
thousands of holes to the South-east of Bandai-san were formed 
by falling stones. He seems to have been a little doubtful in 
his own mind as lo the universal applieability of the theory he 
is striving to establish (see paragraph 20). In the early part 
of the paper he admits that many holes were formed by the 
uprooting of trees ; but seems to expect that the uprooted tree 
would always be found lying neser its hole. On the site of the 
devastated forest above the slopes of the Biwa-sawa we saw 
root stumps turned right up on end, often absolutely trunkless. 
Immediately after the eruption many of these torn up roots 
would be covered with fallen d^bris, and might easily eseape 
the notiee of investigators intent on the investigation of the 
holes. Our own impression is that sufficient attention has 
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not been given to the formation of holes by ihe uprooting of 
trees ; and that, when this eause is taken into aeeount and the 
effect of earthquake shoeks in produeing landslips is given its 
full weight, the holes ieft to be explained by the aetion of 
faliing stones will by no means bulk so largely as a reader of 
the papers already published would be led to infer. 

We do not elaim to have brought forward an hypothesis 
that ean apply to every reported ease of a hole ; we do not 
think that to be possible. Our object has been to criticize, in 
a scientific manner, the widely aeeepted theory that all the 
holes were formed by one ageney, namely falling stones. Not 
a few scientific men, at the iirst statement of this theory, feU 
there were grave difficulties in the way of aeeepting it. By 
our discussion'of the effect of atmosphere resistanee in retard- 
ing a falling stone, and of the probable penetrating powers of 
sueh stones in ordinary soil, we have poinled out exactly what 
these dif¥iculties are ; and the more one eonsiders the whole 
subject, the more is one impressed with the insurmountable 
eharaeter of these difficulties, and the less is one disposed to 
aeeept the unqualified eonelusion of Professors Sekiya and 
Kikuehi. 

The foIlowing eommunieation on tbe origin of the Bandai- 
san notes was received from Dr. G. Wagener on January i2th, 
1890: — 

I visited Bandai-san for the first time on the 25th of 
August, 1889, in eompany with Mr. Janson, Professor at the 
Agrieultural Gollege of Komaba. Pollowing ihe well known 
road from Inawashiro to Nakano-yu, and eoming near 
this last plaee, we notieed some of the holes in question, 
4 to 6 feet in diameter and 2 to 3 feet in depth. Mr. 
Janson's immediale impression was that these holes were 
exactly like those whieh eould be seen by the thousand, all 
around Paris, during the siege in ihe Franco-German war. 
These latter holes, of the above diameter and deep enough to 
hide a man squatting down, were well-known to have been 
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made by the big shells thrown from the French forts against 
the German positions. These shells being mostly provided 
with time-fuze8, did not burst in the moment of striking the 
ground, and frequently did not burst at all. After having 
rieoehetted perhaps several times, they had fa1Ien ilat upon 
the ground, as any spent eannon ball will do. There they were 
found, not at all inside of the holes, nor in their neighbour- 
hood, but at plaees more or less distant from these holes. 
Sueh shells whieh had not burst, were laying about in sueh 
numbers, towards direetions speeially favoured by the French 
artillerists, that detaehments of soldiers were sent out regularly 
to look for these shells and to bury them. This was done to 
prevent aeeidents in e^se cavalry or artillery advanced to meet 
a sortie, and should move over sueh ground strewn with shells. 
The holes made by the bursting of shells were entirely'dif- 
ferent in appearanee from those made by rieoehetting shells. 

Dr. Kellner, Professor in Komaba, who also has been at the 
siege of Paris, not only eonGrms the above statement, but, 
having visited Bandai-san shortly after the expIosion, is perfectly 
eertain that the edge of the holes turned towards the erater, 
was mueh more sharply deiined than the opposite side where 
by a rieoehetling stone some sputtering must have oeeurred. 

The similarity in the aspeet of the holes around Paris and 
those on Bandai-san is so slriking that both Prof. Kellner as 
well as Prof. Janson are of opinion that, if the gentlemen 
who are opponents to the hypothesis of falling stones had 
seen both kinds of holes they would not hesitate a moment to 
admit this expIanation. 

In the presenee of the above facts and the absenee of all 
evidence referring to the very aet of originating the holes, it 
seems to be beyond doubt that there is no reason to re]ect al- 
together the theory of the falling stones. On the eontrary, 
it is most probable that at least a number of the holes have been 
formed in this way. Whetherall the holes, even the largeones 
of 20 and 30 feet in diameter, with depths proportional, have 
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been made by fallmg stones or not, I do not ventare to deeide, 
and perhaps woald not ventare even if I had seen them, whieh 
is not the ease. But if there are holes qaite different in size, 
in appearanee, in loeality, ete, from others, there is no neees- 
sity to maintain that the origin of all of them is due to one 
and the same eanse. 

Perhaps some opponent to the theory of the falling stones 
will make the objection that the eireumstanees of the fall of 
the Paris shells and of the Bandai-stones are not the same, in 
so far as both struek the ground under very different angles. 
The distanee at whieh the Paris shells were throw, was five 
English miles and even beyond 6 miles. For sueh distanees, 
the elevation of the fixing guns must have been very eonsider- 
able. I have no tables to refer to, but I think, an elevation of 
30^ to 35^ is a low estimation. It is well known that the 
seeond half of a trajectory, chiefiy of sueh a long one covering 
a horizontal distanee of 5 to 6 English miles, is eonsiderably 
steeper than the first half or than the eIevation of the gun ; 
and we may well admit that the Paris shells struek ihe hori- 
zontal ground under an angle, say of 50^, or even more. In 
the ease of the Bandai-san, the holes are mostly found on the 
slope of the mountain. If not, and if of quite a peeuliar nature, 
they may, as I said before, have been formed by some other 
eause than f alling stones. Suppose a stone having been thrown 
out of the erater, and eoming down at a very steep angle, say 
70^ to 75^; if it falls upon the slope of the mountain at a plaee 
where the ineline is 20^ to 25^, it will, ]ust like the shells, strike 
the ground under an angle of 50^, make a hole and rieoehet 
onee or twiee or more as the ease may be. I do not think that 
my figures have been ehosen thus as to make me ineur the 
reproaeh of having forced my argument. At all events, any 
objection not based upon po8itive ballistie facts and experi- 
ments referring to similar eireumstanees of trajectories and 
ground as on Bandai-san, would be insufficient to outweigh the 
matter of fact statements made in the beginning of this letter. 
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There is a way, very simple — I do not say easy and eom- 
fortable — of aseertaining wheiher the foregoing explanations 
are^to be point or not, that is to look for stones or boulders not 
inside, but outside of the holes, at plaees mueh lower down. 
Anyone who has amused hlmself in his youth to roU big 
stones down the slope of a hill, knows what tremendous bounds 
they make, earrying obstaeles like small brushwood easily be- 
fore them and stopping only at far away distanees even if the 
gradient is gentle. Isolated stones or boulders may be found 
on Bandai-san down the slope below the holes, and their nature 
will show whether they have eome from the erater or from 
somewhere else. That boulders have been thrown far away, 
there ean be no doubt. Any visitor to Naka-no-yu ean see 
evidences of a big boulder having been thrown against the slope 
of Masu-yama. It laid bare the roeky ground, and broke 
into several pieees, whieh slid down to the bottom of the slope 
where they are now lying. 

[Note added April 28th, 1890. — Dr. Wagener's interesting 
eommunieation suggests rieoehetting stones as a sufficient 
eause of the smaller sized holes. He expressly guards him- 
self, however, against extending sueh an explanation to the 
very large sized holes. His views therefore ean hardly be 
regarded as antagonistie to those expre8sed in the foregoing 
paper. It will suffice to point out that, even with the modification 
suggested by Dr. Wagener, the chief difficulties still remain as 
regards the numerous holes to the south-east of Kobandai. 
Thus their very number is a difficulty ; for if they were all 
formed by rieoehetling stones that then hurled ihemseWes 
down the slopes, thesestones musthavebeen so numerous that 
it is difficult to imagine many of them not getting stranded in 
the higher iiats.— C. G. K.] 
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